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ABSTRACT 



The present invention describes Urinary Tumor Associated 
Antigen (UTAA), its isolation and use in diagnostic assays. 
In particular, UTAA has been identified in samples from 
cancer patients, in some cases as part of an immune complex 
of UTAA and UTAA-specific immunoglobulin. Isolated 
UTAA also may be formulated as a pharmaceutical for 
production of antibodies or as a vaccine. 

24 Claims, 17 Drawing Sheets 
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METHOD OF DETECTION OF URINARY 
TUMOR ASSOCIATED ANTIGEN 

This is a divisional of copending application Sen No. 
07/431.533, filed Nov. 3. 1989. 

This invention was supported in part by NIH grant Nos. 
CA 29605. CA 12582 and CA 30019. The U.S. Government 
may have certain rights. 

BACKGROUND OF THE INVENTION 

This invention relates generally to tumor-associated 
antigens, specifically to an antigen found in the urine of 
cancer patients which can be used for immunodiagnosis, 
immunoprognosis, and therapy of human cancer. 

It is well documented in animal models that cells were 
changed biochemically and morphologically after neoplastic 
transformation in vivo. Such transformed neoplastic cells in 
appropriate doses are capable of inducing protective immu- 
nity against tumor development in syngeneic animals when 
subsequently inoculated with adequate number of viable 
neoplastic (cancer) cells. The protective immunity was 
determined to be due to emergence of certain new compo- 
nents that were called tumor-specific transplantation anti- 
gens. Expression of similar components, so called tumor- 
associated antigens, by human malignant tumor cells has 
been identified by serologic analysis using autologous and 
allogeneic human sera as the source of antibody. Use sera 
from animals immunized with human cancer cells and 
murine monoclonal antibodies developed against human 
tumors have added to the definition of additional tumor- 
associated antigens. However, xeno-polyclonal or murine 
monoclonal antibody defined antigens on human tumor cells 
are not necessarily immunogenic in humans. While the 
physico-chemical properties of almost all of the antigens 
defined by xeno-polyclonal and murine monoclonal anti- 
bodies have been elucidated in great detail, such information 
is available for only a very few tumor-associated antigens 
defined by autologous and allogeneic antibodies. The rea- 
sons for such paucity have been difficulties in solubilizing 
adequate amount of the antigens for subsequent purification 
to homogeneity and the polyclonal nature of autologous and 
allogeneic antibodies. Without the availability of well char- 
acterized tumor-associated antigens that are immunogenic in 
the host, the importance of these antigens is not fully 
realized in terms of their application for immunodiagnosis, 
immunoprognosis and treatment of human cancer. 1 

The tumor-associated antigens in human neoplasms that 
have been defined by autologous and allogeneic antibodies 
vary in their distributions. Some are expressed only by ; 
individual tumor cell lines or tumors; some are shared by 
histologically dissimilar tumors including organs where the 
tumor arises and fetal tissues. The antigens that are 
expressed only by individual tumors are of limited impor- 
tance for immunodiagnosis and treatment because tumor cell * 
lines generally do not establish from every single tumor and 
cannot be applied to another patient. On the contrary, tumor 
antigens that are shared by different tumors of the same 
histologic type or by histologically aissimilar tumors can be 
applied for immunodiagnosis, immunoprognosis and treat- < 
ment of different patients with different types of cancers. 

There are well documented instances to suggest that 
immunity against growing neoplasm in humans can be 
enhanced by active immunization with antigen bearing 
tumor cells. The purpose of such active specific immuno- e 
therapy is directed at attempts to enhance the level of 
anti-tumor immunity beyond that which is naturally induced 
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by the growing neoplasm It is believed that a growing 
neoplasm does not induce a maximum immune response in 
the host to the tumor associated antigens it contains. Most 
immunotherapy attempts have involved vaccines prepared 
5 from whole tumor cells, because progress has been slow in 
the isolation and purification of human tumor associated 
antigens. The possibility that living autologous tumor cells 
could result in tumor growth at the inoculation site has 
inhibited the use of such vaccines in man. However, tumor 
10 cells that express high levels of shared common tumor- 
associated antigens can be used to immunize different 
patients (Morton, D. L. et al, In Terry, W. D., Rosenberg, S. 
A. (eds): Immunotherapy of Human Cancer. New York, 
Elsevier North Holland, pp 245-249 (1982); Livingston P. 
i5 O., et al., Int J. Cancer 31:567 (1983)). The advantage of 
using such an allogeneic vaccine is two-fold: (1) an immune 
response induced against the foreign HLA transplantation 
antigens on the allogeneic vaccinated tumor cells would 
cause their rejection; (2) this immunization should induce a 
20 strong immune response against the shared common cross- 
reacting tumor-associated antigens to which the human 
leukocyte antigens (HLA) might serve as a helper function. 

Most attempts at immunotherapy in man have been with 
vaccines composed of inactivated tumor cells, crude extracts 
25 or preparations from isolated membranes. Although such 
preparations may be effective in eliminating progressive 
tumor growth, there is always the great danger of inactivat- 
ing the tumor-associated antigens during preparation of the 
vaccine, unless immunologic reagents and sensitive tech- 
30 niques are available for systemically following the isolation- 
purification procedure. 

Cancer patients who are most likely to respond to an 
active specific immunotherapy are those who are early in 
their disease and have minimal residual tumor burden fol- 
35 lowing treatment with other therapeutic modalities (Morton 
D. L., Seminars in Oncology 13:180 (1986)). 

Using lyophilized and reconstituted urine samples of 
cancer patients and autologous serum as the source of 
antibody in a complement fixation assay, immunologic reac- 
40 tivity has been observed. The reactivity was abolished by 
absorption of the sera with tumor cells and not by human 
normal cell. These observations indicated that immunologi- 
cally similar antigens were present in the urine samples and 
tumor cells. Furthermore, the observed reactivity in urine 
45 samples of cancer patients who were studied sequentially 
disappeared after surgical ablation of tumor but reappeared 
before tumor recurrence, (Gupta, R. K. et al., J. Surg. Oncol., 
1 1 :65 (1979)). Because many of the test samples were highly 
anti-complementary, perhaps due to artifacts arising during 
50 lyophilization process, a different method was developed for 
preparing urine samples for testing. In this study, 24 hotuv, 
urine samples were obtained from larger numbers of cancer 
patients and normal controls. The urine samples were con- 
centrated 100-fold by centrifugation and ultrafiltration, and 
55 tested by complement fixation using autologous serum as the 
source of antibody. Ninety-two percent (55/60) of cancer 
patients were positive for the antigens in their urine as 
opposed to only 7% (2/27) normal controls. Antibody activ- 
ity of the sera reacting to the urine from cancer patients was 
io removed by absorption with biopsied tumor specimens but 
not with normal skin or muscle suggesting that the antigens 
detected in urine of cancer patients were tumor associated 
(Rote, N. S. et al, J. Surg. Res. 29:18 (1980). 

In subsequent investigation, an allogeneic serum that had 
i5 high titer to antigens in urine was used as the source of 
antibody. Use of this antibody source in complement fixation 
revealed that urine samples of 94.7% of cancer patients and 
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35.1% of normal controls were positive. Again, absorption dering them unsuitable for detection of urinary antigens by 
of the allogeneic serum with tumor cells (autologous to the complement fixation. To circumvent these problems, a corn- 
urine source) removed the antibody activity. However, petitive inhibition enzyme immunoassay was developed. In 
human normal lymphocytes, skin and muscle cells were this assay, reactivity between known amounts of autologous 
ineffective as absorbents. Furthermore, excretion of antigens 5 antibody and tumor-associated urinary antigens was com- 
into urine appeared to depend on the presence of tumor in petitively inhibited by allogeneic urine (test) samples only if 
the patients, because removal of tumor by curative surgery the test samples contained immunologically similar anti- 
resulted in cessation of the putative antigens excretion. The gens. The results of the assay correlated very well with the 
urine remained negative as long as the patient was free of results of complement fixation without having to deal with 
tumor (Rote, N. S. et aL, Int. J. Cancer 26:203 (1980)). 10 the problem of anticomplementary activity and reactivity 
However, presence of the antigens in 35% of normal urine due to HLA present in the test urine samples. However, the 
indicated a cross-reacting antigenic system which prevented test lacked specificity because of reactivity with urine of 
this test from practical use. normal individuals. (Huth, J. F. et aL. Cancer 47:2856 

Gel filtration chromatography of the concentrated urine (1981)). 
revealed that the antigenic activity was present in the first 15 Analysis of urinary tumor-associated antigens by gel- 
peak of the elution profile. However, when this procedure filtration chromatography consistently revealed that the anti- 
was performed in the presence of 6M urea, the antigenic genie complex recognized by autologous and allogeneic 
activity was found in three different peaks representing antibodies had a molecular mass of greater than 300 kD. 
various molecular sizes, majority of the activity being in the This antigenic mass was clearly too large to pass through the 
first peak. However, because of the polyclonal nature of the 20 glomerular basement membrane of kidney by simple diffu- 
allogeneic serum that was used as the source of antibody, it sion. There are several reports in literature concerning the 
was impossible to determine if the antigenic activity in development of nephrotic syndrome in cancer patients, 
different peaks represented disassociation product of a large Renal biopsies of these patients often demonstrated the 
antigenic complex bearing the same epitope or represented deposition of immune complexes within the glomerular 
different epitopes. Similar results were observed when lyo- 25 basement membrane (Laughridge, L. W. and Lewis, M. G., 
philized and reconstituted urine was used (Rote, N. S. et al. Lancet 1:256 (1971); Couser, W. G. et aL, Am J. Med. 
supra). Thus the antigens in urine of cancer patients recog- 57:962 (1974)). Thus, it was logical to assume that antigens 
nized by autologous and allogeneic antibody was actually a shed by tumor cells in vivo into circulation would react with 
macromolecular complex and because of polyclonal nature specific antibodies to form circulating immune complexes, 
of the antibody, the nature of the specific epitope could not 30 These immune complexes might deposit in the glomerular 
be determined. However, the majority of the evidence sug- basement membrane and cause membrane damage that 
gested that the excretion of antigenic macromolecular com- would allow the passage of high molecular weight antigenic 
plex into urine of cancer patients was dependent on the complex into the urine. A relationship between antigen 
presence of tumor in me cancer host. Serial measurements of nonspecific immune complexes in circulation of cancer 
tumor-associated antigens in the urine of cancer patients 35 patients and excretion of urinary antigens was observed Of 
who received preoperative chemo- and radiation therapy 36 cancer patients who were positive for urinary antigens, 28 
were made by complement fixation. The level of excretion (78%) were also positive for circulating immune complexes 
of the antigens into urine as a result of therapy were at the time of urine collection. Of 24 patients that were 
compared to pretreatment samples and changes were corre- negative for circulating immune complexes, 22 (92%) were 
lated with clinicopathological evidence of in situ tumor cell 40 also negative for urinary antigens. In a cancer patient whose 
destruction. Of the 53 cancer patient studied in this manner, serum and urine samples were studied sequentially during 
44 had clinicopathologic evidence of tumor destruction this course of thermochemotherapy, fluctuations in the levels 
induced by the preoperative therapy, and all 44 patients had of circulating immune complexes and excretion of urinary 
four-fold or greater rise in the level of urinary antigens antigens were parallel. These results suggested that excre- 
during the treatment period. The other nine patients had no 45 tion of urinary tumor-associated antigens into urine of 
evidence of tumor destruction and the antigen titers in these cancer patients was not an isolated phenomenon; rather, 
patients remained unchanged These results suggested that immune complex deposition in kidneys appeared to cause 
excretion of tumor-associated antigens in urine could be glomerular damage which allowed passage of the antigens 
used to asses the in vivo effectiveness of tumoricidal therapy into the urine, Huth, J. F. et aL, Cancer 49:1150, (1982). 
of nonaccessible tumors (Huth, J, F. et al.. Cancer Treat 50 In an attempt to determine the applicability of the urinary 
Rep. 65:1037 (1981)). Similar results were observed in tumor-associated antigens for prognostication of cancer x 
patients with colon carcinoma receiving hyperthermia and patients, the antigenic complex was partially purified and 
chemotherapy. Again the incidence of antigenic activity in used as target antigen in the competitive inhibition enzyme 
urine of apparently healthy individuals was high, Le. 10% immunoassay. One hundred-fold concentrated urine samples 
(2/20). (Fink, S. J. et al., J. Surg. OncoL 21:81 (1982)). 55 from normal controls and melanoma patients were used to 
Because allogeneic serum was used as the source of establish the base line, distribution of the antigens, and early 
antibody in the complement fixation assay, the possibility detection of subclinical . recurrence. The results were 
existed that part of the immunologic reactivity with urine expressed as antigen units (ng antigenic protein/mg 
samples could be due to histocompatibility antigens. creatinine/24 hours) for comparison among individuals. The 
Therefore, the serum was absorbed with pooled lympho- 60 antigen levels in urine of melanoma patients (median=56.5 
cytes to remove as much anti-HLA antibodies as possible units, n=56) were significantly higher (p<0.05) than those of 
from the serum. This often added anticomplementary activ- normal controls (median=1.9 units, n=56). The 90th percen- 
ity to the serum. This problem was obviated by using the tile for the normal group was 34.3 antigen units. Using this 
serum at a dilution beyond the anticomplementary activity value as the criterion for positivity, 64% (36/56) urine 
level. However, this resulted in reduced sensitivity of the 65 samples of melanoma group were positive for the antigens 
assay. Furthermore, some of the test (urine) samples by as opposed to 11% (6/56) of normal controls. Subsequently 
themselves exhibited the anticomplementary activity ren- a retrospective analysis of 58 melanoma patients paired on 
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the basis of disease recurrence and no recurrence after ( 14 C-L-leucine) melanoma (UCLA-SO-M14) cells with 

lymphadenectomy revealed a median antigen level of 68 human polyclonal antibody. The antibody was used before 

units for the recurrent group and 18.9 for the non-recurrent (A) and after (B) pretreatment with purified U-TAA. 

group. Eighteen of 29 (62%) melanoma patients who had FIG. 8 shows isoelectric focusing of U-TAA purified from 

recurrence of their disease and 9 of 29 (3 1 %) patients who 5 the serum of a melanoma patient. After isoelectric focusing 

remained disease free were urinary antigen positive. These the proteins were blotted onto nitrocellulose and stained 

incidences were significantly different (p<0.005) (Gupta, R. with baboon polyclonal anti-U-TAA antisera. A single band 

¥L et al.. Diagnostic Immunol. 1:303 (1983)). Though the corresponding to an isoelectric point of 6.1 was identified 

results of the above investigations confirmed previous FIG. 9 shows the time difference between the appearance 

observations, the utility of urinary antigen detection assay 10 of tj. taa in the ^ of surgically ^tcd m danoma 

observauonmatmbecauseoftheconsistentobservationthat patients and the clinically detectable recurrence of the 

urine of many (11%) normal individuals had considerable disease. 

levels of the antigen. Pjq ^ shows the effect of gamma and alpha interferon 

Despite significant progress made in developing assays 0 n the level of U-TAA expression by three melanoma cell 

using tumor markers that are not immunogenic in the cancer 15 (UCLA-SO-M 10, UCLA-SO-M24, and UCLA-SO- 

host, e.g., CEA, alpha-fetoprotein, prostate specific antigen, M101). Cells were cultured in RPMI-10% FCS medium 

etc., there exists a need to diagnose and treat tumors using with and without 500 units/ml of gamma and alpha inter- 

tumor-associated antigens that are immunogenic in the can- f er0 n for 96 hours. U-TAA level was determined by the 

cer host This mvention satisfies these needs by providing competitive ELISA using allogeneic antibody and purified 

for the detection of various tumors by detecting U-TAA 20 tj.jaa (0 06 mg/ral) 

while avoiding the detection of false positives. In addition, mG . n shows innajition of reactivity „ observed b 

this mvention provides antigenic subunits of U-TAA and a indirect memhran e immunofluorescence between allogeneic 

vaccine which induces cell mediated specificity for indi- ant i-U-TAA serum and UCLA-SO-M24 (melanoma) cells 

vidual dete^ants on the tumor cell surface, as weU as by purified u. XAA ^ antl . u . TAA serum A ' m 

anti-U-TAA antibody production. 25 was preincubated with l Q ug UJIAA and ^ 

BRIEF DESCRIPTION OF THE FIGURES reacted with the melanoma cells. While the untreated anti- 

. serum maintained reactivity at 1:16 dilution (□), it was 

FIG. 1 shows Sephacryl S-200 gel filtration chromato- blocked by 93 % ^ preincubation 0 f the serum with 

gram or concentrated melanoma urine. Protein content purified U TAA (■) 

(absorbance 280 nm) and U-TAA activity (ng/100 ul) deter- 30 nG n ^ anti-U-TAA 

mined by an allogeneic double determinant HA are shown. IgM antibo<ly by one of ^ huma r iyrflphoblastoid ^ Une$ 

FIG. 2 shows the purification of baboon IgG and IgM (LCL 2) for more than six months. Cells were grown in 

antibodies to U-TAA by DEAE Affi-Gel Blue chromatog- RPMI-FCS medium. Culture supernates were collected at 

raphy. The IgG anti-U-TAA antibody was eluted first and regular time intervals and tested in the direct ELISA using 

IgM anti-U-TAA antibody was eluted with 0.5M Nad at a 35 purified U-TAA (30 ng/well) for the presence of both IgG 

flow rate of 60 ml/hr. The pool of fractions comprising IgG and IgM antibodies. The cultures produced IgM antibody 

had a protein concentration of 3.5 mg/ml and anti-U-TAA only. 

titers of 1:250,000. The pool of IgM fractions had a protein HG . u shows Sephacryl S-200 elulion profile of cell free 

concentratiot .of 3.7 mg/ml and anfc-U-TAAuter of 1:3600 np^q extract of intrinsically labeled ("C-L-leucine) 

using punned U-IAA (30 ng/well) as the target ™ UCLA-SO-M 14 (melanoma) cells and reactivity of various 

FIG. 3 shows the effect of absorption of baboon anti-U- peaks with culture supernate of LCL 2 human rymphoblas- 

TAA IgM antibody by UCLA-SO-M 14 (M14) and autolo- toid cells. One hundred microliters of each pool was reacted 

gous lymphoblastoid (L14) cells on cytolysis in a comple- with 100 ul of LCL 2 culture supernate at 37° C. for one 

ment dependent cytotoxicity assay. The cytotoxic effect of 4J hour. Antibody bound radioactivity was separated from the 

baboon IgM anti-U-TAA was completely abolished by unbound radioactivity by rabbit anti human Ig immuno- 

absorption with 1x10 M14 cells and was not affected beads. To reduce the background, the cell free NP-40 extract 

significantly by the same number of L14 cells. was pretreated with the irnmunobeads. The antigenic activ- 

FIG. 4 shows the effect on baboon IgM anti-U-TAA ity was present in the peak encompassing fraction 39 

antibody complement dependent assay (CDC) by purified ^ through 45. 

U-TAA. The antibody (3.7 mg/ml) was diluted by RPMI- FIG. 14 shows that reactivity of LCL 2.6 culture supernate 

10% FCS and mixed with an equal volume of U-TAA (0.06 to U-TAA was blocked by U-TAA and not by FA. The X 

mg/ml) so as to arrive at the indicated final dilution. Purified supernate was reacted to U-TAA in the direct ELISA before 

U-TAA significantly reduced the cytolysis at each dilution of and after blocking either with 100 ul (6 ug) of U-TAA or 100 

the antibody. 55 ul (5 ug) of FA at each dilution of the supernate. 

FIG. 5 shows DEAE Sephacel anion exchange chromato- FIG. 15 shows that the reactivity of LCL 2.6 culture 

gram of AD1-40F4 reactive melanoma serum. Protein con- supernate to FA was blocked by FA and not by U-TAA. The 

tent (absorbance 280 nm), presence of IgG. presence of IgM, blocking was performed as described in FIG. 14. 

and U-TAA activity (O.D. 405n J as determined by a xeno- FIG. 16 illustrates schematic conceptualization of the 

geneic double detenrunant EIA are shown. m U-TAA specific immune complex detection assay. This 

FIG. 6 shows U-TAA purified from the serum of a utilizes anti-U-TAA murine monoclonal antibody, AD1- 
melanoma patient was separated by SDS-PAGE and then 40F4. Immune complexes react with the immobilized anti- 
transferred to nitrocellulose paper. Both murine monoclonal body (anti-U-TAA). The capture of human immunoglobulin 
and polyclonal baboon anti-U-TAA antibodies recognize a via the antigen is determined by the use of rabbit or goat 
90 kDa subunit. 65 anti-human Ig in a manner similar to ELISA. 

FIG. 7 shows SDS-PAGE profile of immunoprecipitates FIG. 17 shows correlation between U-TAA specific 

formed by reacting NP-40 extract of intrinsically labeled immune complex level (OD 405 „J and clinical course 
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(recurrence) in patients with melanoma. The patients with By screening hybridoma supernatants against a panel of 

stage E disease were rendered disease free by surgical melanoma and normal urines, it was possible to identify one 

resection of the primary disease and lymphadenectomy. clone with specificity for the tumor associated proteinThe 

Serum sables were obtained every time the patient visited resultan , anybody recognized a protein epitopVS occ^s 

£ U T^rSt^ ™ C SCrum I SanJ P , h es r C 5 with a much ffequencyin the Lfam UcZ o 

ined il^r^ L C °T e r " SMy T melanoma P atients th * n ™ of normal pltSts 

lined in FIG. 16. Sera were positive for U-TAA specific Therefore, the murine monoclonal antibody is sigaifiSor 

immune complexes in patient #1 at least 34 weeks before • j • Mguuicaiu ror 

and in patient#2 at iJt 28 weeks before SS? 2S and xmmunoprognosis of human cancer, 
able recurrence. NED=no evidence of disease to , C invenUon P rovides a substantially purified antigenic 

1U polypeptide subunit of urinary tumor-associated antigen 

DETAILED DESCRIPTION OF THE (U-TAA) having, after reduction by p-raercaptethanol and 

INVENTION separation by SDS-polyacrylamide gel electrophoresis, a 

As used herein, "Urinary Tumor- Associated Antigen molecular weight of about 90-100 kD (The subunit was 

(U-TAA)" refers to a high molecular weight glycoprotein about 90 ^ from serum ^ about 100 kD from urine but 
that was initially detected in the urine of melanoma patients 15 ^P^ents the same subunit since a murine monoclonal 

but subsequently found to occur in other body fluids as well. antibody recognizes each subunit.) Urinary tumor- 

In this invention, the antigen U-TAA has been separated associated antigen has been detected in the sera of 64% of 

from the majority of normal serum proteins by DEAE disease-bearing melanoma patients, but rarely in the sera 

Sephacel anion exchange chromatography. Even though from a PP arentl y normal individuals. The antigen purified by 
U-TAA is immunogenic in man, the majority of antigen 20 DEAE Sephacel anion exchange chromatography is heat 

eluted free of antibody in the second peak of the column. stable * ^ a mo J ecula r mass in the range of 590-620 kD 

. This observation was not surprising as the sera used in these under non - reducin g conditions and an isoelectric point of 

investigations were selected on the basis of high reactivity SDS " PAGE under reducing conditions, resolves this 

with the murine monoclonal antibody. Therefore, it is likely Wgh molecular weight antigen into several components, 

that the patients with such high levels of circulating U-TAA Tne epitope recognized by a murine monoclonal antibody 

were in relative antigen excess and one would expect to AD1-40F4. is present only on 90-100 kD subunit of the 

isolate antigen free of immunoglobulins. The small amount urinary tumor-associated antigen. This subunit, however, 

of U-TAA seen in association with the major IgG and IgM contains epitopes recognized by baboon and human poly- 
peaks suggested that some anti-U-TAA antibody was present 30 clonal antisera as well. This has been determined by SDS- 

in the form of immune complexes. All urine samples from PAGE immunoblotting. The epitope recognized by the 

melanoma patients that were positive for U-TAA using the murine monoclonal antibody is different from those recog- 

allogeneic antibody also reacted with the murine mono- nized bv human polyclonal antibodies, 

clonal antibody. The urine samples that were negative in the By contacting the U-TAA from a body fluid of an afflicted 
allogeneic antibody assay were also negative in the mono- 35 subject with the murine monoclonal antibody, the amount of 

clonal antibody assay. Furthermore, the monoclonal reacted U-TAA per a given amount of body fluid can be compared 

with the concentrated and partially purified fraction of with an amount previously determined for an equivalent 

UCLA-SO-M-14 cultured melanoma cell supernatant. This sample; a variation in U-TAA indicates a variation in the 

suggests that immunologically similar antigens excreted into state of the malignancy. Thus, monitoring a malignancy 
the urine of melanoma patients are also produced by mela- ^ refers to the process of repeatedly assaying an afflicted 

noma cells in culture. The monoclonal reactive molecule in subject's body fluids to determine the amount of U-TAA or 

melanoma urines shares many characteristics with the alio- the 90-100 kD subunit, present in the fluid. Assays may be 

geneic antibody-reactive U-TAA. performed early in treatment of the patient as well as during 

Mixed glycosidase treatment abolished the U-TAA activ- and after treatment Initially, U-TAA levels may be very high 
ity of urine samples from normal individuals as measured by 45 indicating a high turnover or shedding of the antigen, 

the allo-antibody assay. Similar treatment of specimens from However, after treatment and inhibition of proliferation of 

melanoma patients, however, significantly augmented the tumor cells by vaccination, for example, U-TAA levels in a 

U-TAA activity in the majority of patients. These observa- patient* s body fluids may decrease. 

tions are consistent with the view that the allo-antibody The invention allows one to diagnose a tumor in a subject 
reactive epitope is a protein which resides on a large, 50 by the method comprising detecting the epitope located on 

variably glycosylated molecule. In this scenario, glycosidase the 45, 65, 90-100, or 120 kD polypeptide from U-TAA in 

treatment strips carbohydrate from the molecule, exposing a subject's body fluid after reduction by p-mercaptoethanol X 

additional immunoreactive epitopes. and separation by SDS-polyacrylamide gel electrophoresis. 

This theory is further supported by enzyme digestion of The detection can be accomplished by contacting the 

the monoclonal reactive epitope. While treatment with 55 polypeptide with a reagent and detecting the presence of the 

hyaluronidase has little effect on the immunoreactivity of the reagent which is reactive with the polypeptide, 

epitope, protease treatment destroys it. Also mixed glycosi- The invention describes a method of detecting a breast c 

dase treatment enhances the immunoreactivity of the mol- lung carcinoma in a subject comprising detecting the pres- 

ecule * en <* of U-TAA from a sample of the subject. The detection 

Numerous murine monoclonal antibodies specific for 60 comprises binding the U-TAA with a reagent and detecting 

melanoma have been produced by immunizing mice with the reagent One example of detection is the binding of 

whole melanoma cells or cell extracts, for example, (Lloyd, U-TAA directly or indirectly by a second reagent The 

K. O.Jn Basic and Clinical Tumor Immunology, R. reagent is preferably an antibody but can be any suitable 

Herberman, ed. Nijhoff. The Hague, pp 159-214 (1983)). reagent 

More uncommon are monoclonal antibodies specific for 65 A vaccine is provided for inducing or enhancing antibod- 

S°^s9nw m^ Pr ° teinS (HadaS ' E ' Ct d " CaDCer RCS * kS ° r ° e[1 mediated *™™*y ^ected against the 90-100 
40.5AM 5/U5 (1986)) kD polypeptide comprising tumor cells having a U-TAA on 
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the cell surface and at least one tumor associated antigen The invention still further provides a method for detecting 
selected from the group consisting of GM-2. GD-2, Fetal low levels of U-TAA comprising enhancing the expression 
Antigen, or Melanoma-Tumor Associated Antigen, and a of U-TAA in cancer cells with alpha and gamma-interferon, 
pharmaceutically acceptable carrier. Improved results are or other biological response modifiers, e.g., retenoic acid, 
possible if the tumor cells have HLA of the same type as that 5 contacting the U-TAA with a reagent and detecting the 
of the subject on the cell surface. The vaccine provides a presence of the reagent The use of interferon as an anti- 
method for inducing or enhancing in a subject afflicted with cancer agent is currently under intensive investigation, 
a cancer the production of antibodies reactive with the Immune or gamma interferon is produced when sensitized 
polypeptide subunit of U-TAA having a molecular weight of lymphocytes are stimulated with specific antigens. Inter- 
about 90 to 100 kD. comprising adrninistering to the subject 1Q feron ca n be administered to a subject by injection as well 
an effective dose of the vaccine. The subject of the present Gamma interferon has been shown to induce, enhance or 
invention is a human being, however, any animal may be innibit me expression of several genes. Among those 
used. The antibody produced m the individual after admin- induced are HLA genes including A, B, C. The expression of 
istrauon of the vaccine inhibits or treats the cancer, for HLA genes allows certain cells to be more easily recognized 
example a melanoma. Inhibiting the cancer refers to the and cleared by me immune systern. Surprisingly, it has been 
ability to contact the tumor cells with a reagent which can found ^ gamma-interferon also enhances expression of 
prevent the cells from proliferating, thus resulting in cell U-TAA in some cell lines 

death and a reduction in size of the tumor. Alternatively, ^ melanoma tumor ceU vacdne utnizes ^ 

inciting can include a direct cytotoxic effect on the tumor geneic melanoma ceU ^ which express four well ^ 

06 s * 20 acterized tumor associated antigens, all of which are widely 

In addition, the invention provides for development of immunogenic in man. The administration of whole irradi- 
reagents which are reactive with antibodies which are reac- a ted melanoma cells that express U-TAA does induce anti- 
uvewimUrinaryTumorAssociatedAntigen.Thesereagents U-TAA antibodies of both IgG and IgM isotypes It is 
can be anu-idiotype antibodies which refer to immunoglo- notable that 2-to 5-fold increases in anti-U-TAA IgM titers 
bulins which bear the internal image of the antigen of ^ were detected in 11 of the 15 patients, while IgG responses 
interest. Idiotypes are antigenic determinants of the antibody were seen in only 6 of the 15 patients. Why the IgM response 
combining site, therefore, anti-idiotype antibodies mimic the is not consistently translated into an IgG response is not 
antigenic epitope of an antigen. The invention provides a rea dily apparent It is probable, however, that the polysac- 
method of immunotherapy comprising injecting into a sub- chari de moiety of this large glycoprotein molecule induced 
ject a therapeutic amount of the anti-idiotypic antibody. The M IgM ant ibody by T-cell independent mechanisms. This 
therapeutic amount is any amount effective to produce a would result m me production of low affinity IgM in small 
cytostatic or cytotoxic effect on the tumor cells which can quantities without a subsequent switch to IgG as observed, 
readily be determined by one skilled in the art Wlth regard t0 ^ specificity of me antibodi e S mduce d in 

The discovery that U-TAA is found on the surface of response to the MCV, the vaccine should elicit antibodies to 
tumor cells allows a method of treating a tumor expressing 35 an array of antigens associated with melanoma cells com- 
U-TAA on the tumor cell surface in a subject comprising prising the vaccine and the adjuvant. U-TAA that was 
injecting into the subject a tumor inhibiting reagent reactive purified from the urine of a melanoma patient and that is 
with U-TAA on the tumor cell surface. The reagent may be expressed on surface of melanoma cells as the target antigen 
an antibody and the antibody may-be attached to a cytotoxic in ELBA was used. Therefore, antibody activity and its 
or cytostatic agent The cytotoxic or cytostatic agent, for ^ elevation in response to MCV observed in this investigation 
example may be selected from the group consisting of a should ^ specific to U-TAA. However, to rule out the 
toxin, radiolabeled moiety, and chemotherapeutic agent possibility of non-specific reactivity of the antibodies 

The invention further provides a method of detecting detected in this investigation, the serum samples from mela- 
U-TAA on tumor cells from a biopsy comprising contacting noma patients were reacted against KLH as the target 
the tumor cells with the murine monoclonal antibody and 45 antigen. The anti-KLH antibody levels in these patients 
detecting the bound antibody. Detection methods for the fluctuated during the course of immunotherapy, but there 
presence of nucleic acid or antigen of the present invention was no concordance with the elevation of anti-U-TAA 
include hybridization of a nucleic acid probe with the antibodies. Furthermore, addition of bovine serum albumin 
nucleic acid of a cell and cell staining with polyclonal or (BSA) to the dilution buffers does affect the antibody levels 
monoclonal antibodies. Such techniques are accomplished 50 when U-TAA was used as the target antigen. Thus, despite 
by methods well-known to those skilled in the art the polyclonal nature of the serum samples, the elevations in x 

A nucleic acid encoding the polypeptide and a nucleic antibody levels observed in this investigation were specific 
acid probe capable of selectively hybridizing with the for U-TAA. 

nucleic acid is also provided. The nucleic acid can encode an a frequent explanation for the transient antibody 
antigenic'portion of the epitopes on U-TAA as determined 55 responses commonly seen with MCV. is the induction of 
by the antigenic subunits provided herein. In addition, the T-suppressor cells concomitant with T-helper and B-cell 
nucleic acid can correspond to an antigenic sequence on an activation. Various immunologic manipulations have been 
anti-idiotypic antibody and a nucleic acid probe capable of attempted in the past to circumvent this specific suppressor 
selectively hybridizing with the nucleic acid corresponding effect with variable success. Cyclophosphamide has been 
to the anu-idiotype. 60 used extensively in this regard and is known to inhibit 

A method of in vivo detection of a tumor in a subject is T-suppressor activation, see for example, Berd, D. et aL. 
provided which comprises injecting into the subject a Cane. Res. 46:2572 (1986). In this trial, one treatment arm 
reagent, for example an antibody, reactive with U-TAA on included cyclophosphamide in an effort to combat this very 
the tumor cell surface, detecting the presence of the reagent problem. There was no indication mat cyclophosphamide 
which reacts with the U-TAA and thereby detecting the 65 influenced the incidence or magnitude of the anti-U-TAA 
tumor. The tumor may be for example, a melanoma. antibody response. However, anti-U-TAA immunity may 
sarcoma, or carcinoma. have been prolonged in the patients receiving this drug. 



5,700,649 

11 12 

The antigenic activity of normal urine was completely Danvers, Mass.). Seven ml of the concentrate were applied 
destroyed by treatment with mixed glycosidases and virtu- to a 100x2 cm Sephacryl S-200 column. PBS was used as 
ally not at all by proteases. On the contrary, the antigenic the eluent at a flow rate of 14.5 ml/hr. and 3.5 ml fractions 
activity in melanoma urine was the least susceptible to were collected. The elution profile was monitored at 280 nm. 
mixed glycosidase and most susceptible to proteases and 5 Fractions were assayed for U-TAA activity using allogeneic 
carboxypeptidase. These results clearly indicated that the antibody in a double determinant EIA. Fractions exhibiting 
antigenic cross-reactivity of normal urine was due to car- greatest U-TAA activity were pooled and concentrated to 
bohydrate portion of the urinary tumor-associated antigenic 7 ml by ultrafiltration (PM-20 membrane, Amicon Corp., 
complex of cancer patients. These carbohydrate moieties are Lexington, Mass.). The concentrate was further purified by 
present on molecules in normal urine and on urinary TAA 10 incubation with 20% ( v/v ) raboit antihuman immunoglobu- 
complex in urine of cancer patients. Thus, the invention ^ ^"^^ads (Bio-Rad Laboratories, Richmond, Calif.) 
provides a method of detecting or monitoring a cancer in a 1 ^ at 37 ° C content of ^ purged antigen 
subject having a urinary antigenic complex resulting from Hin^S^ ^ 
the cancer comprising, removing a sanjfe from the subject, {'*!t w 1 f 93:265 " 275 < 1951 u incorporated by refer- 
altering the carbohydrate portion ofle urinary antigenic 15 m ^ ^ WaS USed * 3 
complexin me saniple so as to prevent binding with reagent f SZ!^ S ^ " 
which bind to Urinary Tumor Associated Antigen and ffy ° xenoantibody and murine monoclonal anti- 
detecting at least a portion of the altered urinary antigenic ^ u_ taa activity of the fesultant fracti 
complex and thereby detecting the cancer. By altering is sure d by the allogeneic double detemSS InZVttis 
meant any change which prevents or reduces the number of 20 assay, anti-U-TAA IgM was used to capture the antigen and 
false positives resulting from the reagent binding with the allogeneic anti-U-TAA IgG as the detecting antibody 
carbohydrate portion of the urinary antigenic complex. Such Though comprising only 0.6% of the total protein, the void 
alteration could, for example, be accomplished by reducing volume of the Sephacryl S-200 column contained 63 % of all 
the carbohydrate portion. of the U-TAA activity detectable in this urine. This repre- 
The invention also provides two epitopes of Urinary 25 sented a 105-fold enrichment of U-TAA (FIG. 1). Eighteen 
Tumor Associated Antigen located on the 45 kD and 65 kD percent of the U-TAA was detected in the second peak of the 
polypeptide subunits after reduction by p-mercaptoethanol chromatogram, but only the first peak was used as target 
and separation by SDS-polyacrylamide gel electrophoresis an Jigen or immunogen in these investigations. A 24-hour 
and reactive with autologous human serum. The invention ^ecoUection from this patient typically yielded 0.7 mg of 
also provides an epitope of Urinary Tumor Associated 30 

Antigen located on the 120 kD polypeptide subunit after EXAMPLE II 

reduction by p-mercaptoethanol and separation by SDS- Purification of Human Allogeneic Anti-U-TAA IgM and 

polyacrylamide gel electrophoresis and reactive with IgG Antibodies: InitiaUy, IgG and IgM were isolated from 

baboon polyclonal antibodies. The invention also provides the sera of melanoma patients exhibiting high anti-U-TAA 

an epitope of Urinary T\imor Associated Antigen located on 35 antibody levels and were employed in a double determinant 

the 90-100 kD polypeptide subunit after similar reducing EIA for the detection of U-TAA. IgG was isolated by DEAE 

and reactive with the murine monoclonal antibody provided AflSgel Blue chromatography (Bio-Rad Laboratories, 

for herein. The demonstration of four different epitopes is Richmond, Calif.). Ten ml of the serum was dialyzed for 48 

demonstrated by the lack of cross : reactivity between differ- nrs a gainst 2 liters of 0.02M potassium phosphate buffer (pH 
ent types of antibodies as taught herein. 40 8.0) with 4 buffer changes. Following dialysis, the serum 

Hie presence of antigenically distinct epitopes allows for WaS ^^ Ug f l 8 °?? g Z 01 , 15 311(1 su P emate 

a method of detecting Urinary Lnor AssodaL Antigen in KnSSSt *H? "f w^^ 1 ^ 

ated AnUgen with a first reagent which binds to an epitope ing absorbance 0 f greater than 0.05 at 280 nm were pooTed 
on Urinary Tumor Associated Antigen, contacting the Uri- 45 and concentrated to 10 ml. The allogeneic anti-U-T^IgG 
nary Tumor Associated Antigen with a second reagent which i eve l of the concentrate was measured by an enzyme linked- 
bmds to a second epitope on Urinary Tumor Associated immunosorbent assay (ELJSA). The IgG preparation con- 
Antigen, binding one of the reagents to a solid support and tained 2.23 mg protein/ml and had an anti-U-TAA titer of 
detecting the presence of the unbound reagent and thereby 1:2560. 

detecting the presence of Urinary Tumor Associated Anti- 50 Proteins that remained bound to the DEAE Affigel Blue 
gen. The reagents can be antibodies and the first antibodies were eluted with 0.02M phosphate buffer supplemented with^ 
can be monoclonal and the second antibodies can be poly- 0.5M NaCl (pH 8.0) and concentrated to 10 ml. The con- 
clonal. Further, the reagent can be bound to the solid support centrate was subjected to Sephacryl S-300 (Pharmacia 
prior to binding to an epitope on Urinary 1\imor Associated Uppsala, Sweden) gel filtration chromatography to enrich 
Antigen- 55 anti-U-TAA IgM antibody. The fractions containing anti-U- 

The following examples are intended to illustrate, but not TAA I S M antibody activity by HI ISA were pooled and 
to limit, the invention. concentrated. The IgM preparation contained 0.89 mg 

protein/ml and had an anti-U-TAA titer of 1:150. These 
EXAMPLE I antibodies have been used successfully in a capture assay for 

purification nf IT TA A fr„m II™ ittaa a ^ UTAA D ' et ^ ^ FASEB Jouraal 2(6):A1836 

fr^S^Z 5 ^ V Wa5 prepared (1988)). While the isolated anti-U-TAA IgM and antibodies 

* L ^ reacted st ™^ ™* the U-TAA, they showed rninimal or 

to the liver and spleen. The urine was collected over a nrt r«^ ir ^,T *#u i • 

twenty-four hour period in 0.1M Tris (pH 8.3) and 0.02% D ° ^ n0nMl unnc cora P° nen *- 

sodium azide as preservatives. Two liters of urine were 65 EXAMPLE HI 

concentrated to 20 ml using a hollow fiber concentrator with Production of Xenogeneic Anti-U-TAA Serum: Anti-U- 

an exclusion limit of 10.000 daltons (Amicon Corp., TAA xenoantisera were prepared in the baboon and were 



5.700,649 



13 



14 



used in ELISA and immunoblotting for the detection of 
U-TAA. A 12 year old male baboon weighing 28 kg was 
injected intramuscularly at predetermined (one to four week) 
intervals with 100 ug U-TAA mixed with an equal volume 
of Mylanta (Stuart Pharmaceuticals. Wilmington, Del.). The 
baboon was bled periodically and serum anti-U-TAA levels 
were measured by ELISA. 

After four injections of U-TAA over the course of 6 
weeks, the baboon developed detectable anti-U-TAA IgG 
levels. The antibody titers peaked at the 40th week. At this 
time the anti-U-TAA antibody titer by ELISA was 1:200. 
000. 

IgG and IgM antibodies from the baboon serum were 
purified by DEAE AfE-Gel Blue chromatography as 
described above in Example II (FIG. 2). IgG antibody was 
used in the double determinant EIA and IgM for cytotoxicity 
studies. 

EXAMPLE IV 

Cytotoxic Effect of Baboon Anti-U-TAA Antibodies: 
Both IgG and IgM baboon anti-U-TAA antibodies were 
tested for their cytotoxic effect in the complement dependent 
cytolysis (CDC) assay using UCLA-SO-M14 as the target 
Although the baboon anti-U-TAA IgG antibody was not 
cytotoxic under the experimental conditions described 
below, the IgM antibody was cytotoxic. 

Target cells (tumor and control) were harvested in mid log 
phase of growth, washed twice with RPMI-10% FCS, and 
labeled with 51 Cr. The labeled cells were seeded into the 
cytotoxicity assay plate at a concentration of l.OxlO 4 cells/ 
well in 50 ul volume. The cells were then mixed with 50 ul 
of baboon IgM antibody (30 ug protein/ml) and incubated at 
4° C. for 1.0 hr, followed by the addition of 100 ul baby 
rabbit complement at 1:10 dilution. The assay plates were 
further incubated at 37° C for 2 hrs. After centrifugation of 
the plates (500xg for 5 min), 100 ul supernates from each 
well were aspirated and radioactivity release was assessed 
by gamma counting. Maximum- lysis (total radioactivity 
added to each well) was determined by adding 150 ul of 
0.05% Nonadet P-40 (NP-40) in PBS. The spontaneous 
release of the isotope was determined from the supernate of 
those wells that did not receive the antibody. The percentage 
of cytolysis was calculated from the mean of triplicate well 
using the following formula: 
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U-TAA produced the same effect as whole melanoma (M14) 
cells. Irrelevant proteins, e.g. fetal calf serum (10%), which 
was included in the assay medium, did not affect the 
cytolysis. 

To determine the cytotoxic effect of baboon IgM anti-U- 
TAA antibody on cell lines other than M14, various human 
cultured tumor cell lines, including lymphoblastoid cells, 
were used as targets in the complement dependent cytotox- 
icity assay. Tumor cell lines other than melanoma, e.g. breast 
carcinoma and neuroblastoma, were also lysed by the 
baboon IgM anti-U-TAA antibody (Table 1). The cytolysis 
of lymphoblastoid cell line (L 15) was not higher than the 
background (>5%). These results denote that U-TAA is 
expressed on the surface of a variety of melanoma and 
non-melanoma tumor cells and that its density varies from 
cell line to cell line. 

TABLE 1 

Cytotoxicity of baboon IgM anti-U-TAA antibody in CDC 

assay to different target cell lines. (Ten thousand 
chromium labeled cells of each cell line were reacted with 
50 Ml [1.0 Mg protein] of the antibody in the presence of 
rabbit complement. Cytolysis was assessed by the release 



% cytolysis = CPM with ^body - CPM without antibody 
CPM in maximum lys Is 



x 100 
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Cell line 


Type 


% Cytolysis 1 SD 




L15 


Lymphoblastoid 
(normal control) 
Melanoma 


4.9 ± 4.9 


30 


M9 


Lymphoblastoid 


40.0 ± 5.0 




(normal control) 
Melanoma 






M10 


Lymphoblastoid 
(normal control) 
Melanoma 


71.410.4 




M14 


Lymphoblastoid 


68.3 ±5.6 


35 




(normal control) 
Melanoma 






M16 


Lymphoblastoid 
(normal control) 
Melanoma 


20.8 ± 4.0 




M24 


Lymphoblastoid 


36.5 ± 2.8 


40 




(normal control) 
Melanoma 






M101 


Lymphoblastoid 
(normal control) 
Melanoma 


25.3 14.6 




M109 


Lymphoblastoid 


29.0 1 2.7 


45 




(normal control) 






Melanoma 






CPR 


Breast carcinoma 


36.519.1 




MCF 




15.0 1 6.2 




CHOP 


Neuroblastoma 


35.5 1 1.5 



The cytolysis of UCLA-SO-M14 cells by 50 ul of baboon 
anti-U-TAA IgM antibody at 1:120 dilution (1.5 ug protein) 
in CDC was 50 to 60% in contrast to 5% of autologous 
lymphoblastoid, L14 (normal control) cells. Absorption of 
the antibody with an increasing number of M 14 or L 14 cells 
revealed that, while lxlO 7 L-14 cells did not affect the 
cytolysis of M14 cells, absorption with M14 cells decreased 
the cytolysis with increasing numbers of cells (M14). The 
cytolysis was abolished by absorption with lxlO 7 M14 cells 
(FIG. 3). 

To determine whether the inhibition of cytolysis was due 
to the expression of U-TAA on the surface of M14 cells, the 
antibody was mixed at various dilutions with an equal 
volume of purified U-TAA (0.06 mg/ml) and incubated at 
37° C. for 1 hr and then tested in the CDC assay. FIG. 4 
illustrates that the cytolysis of M14 cells at 1: 120 dilution of 
the baboon IgM anti-U-TAA was decreased from 35% to 
less than 5% in the presence of U-TAA. Clearly, purified 



50 

EXAMPLE V 

Murine Hybridoma Technique: An eight week old brown 
female C57BL/6 mouse was injected intraperitoneally (ip) 
with 75 ug of U-TAA (Ne8704) in PBS on days 0, 15, and 

55 28. On day 37, the mouse was boosted with 150 Mg U-TAA 
ip and sacrificed three days later to obtain hyperimmune 
spleen cells. The cells were fused with 8-azaguanine 
resistent, non-secreting mouse Sp 2/0 myeloma cells in a 
manner similar to that described by Galfre (Galfre, G. et al., 

60 Nature 277:131 (1979) incorporated by reference herein). 
Hybridoma cells were seeded onto plates containing 3 day 
old mouse peritoneal macrophage cultures obtained by rins- 
ing the peritoneum of a C57BL/6 mouse with 5 ml of 11.6% 
sucrose and plating the macrophages at 1.45xl0 4 cells/well. 

65 Supernatants from wells containing healthy colonies were 
screened for anti-U-TAA antibody in ELISA. Positive wells 
were cloned using the method of limiting dilutions. Mono- 
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clonal antibody was prepared from mouse ascites 
(Hoogenraad, N. et al.. J. Immunol. Methods 61:317-320 
(1983) incorporated by reference herein). Antibody isotypes 
were determined by double immunodiffusion (Miles 
Laboratories, Naperville, HI.). 5 

EXAMPLE VI 

Target Antigens for Hybridoma Supernate Screenings: 
Hybridoma supernatants were tested in ELISA for reactivity 
with various U-TAA preparations and normal urines. U-TAA 10 
was purified from urine samples of three different melanoma 
patients, Ne8704, Wo7907, and Se8703. by Sephacryl S-200 
gel filtration chromatography. Ten normal urines were used 
as target antigen after 100-fold concentration. Each target 
was used at 1.4 ug protein/mi. In each case antigen was 15 
diluted in 0.06M sodium carbonate buffer (pH 9.6) and 
immobilized on microtiter plates by incubation for 3 hr at 
37° C. This and each subsequent incubation was followed by 
three washes in PBS supplemented with 0.05% Tween-20 
(PBS-T). Alkaline phosphatase conjugated to goat anti- 20 
mouse Ig (Jackson Immunoresearch, West Grove, Pa.) pro- 
vided the catalyst for conversion of the non-chromogen, 
P-nitrophenyl phosphate (1 mg/ml in 10% diethanolamine, 
pH 9.6). to chromogen, P-nitrophenyl. The absorbance of 
each well was measured at 405 nm using the multiscan 25 
ELISA plate reader. 

During the course of immunization the anti-U-TAA anti- 
body activity in the mouse serum increased from undetect- 
able to 1:8000 against Ne8704 and 1:7730 against W67907 
by ELISA. All of the 96 wells seeded with fusion products 30 
of the immunized mouse spleen cells grew healthy hybri- 
domas. Supernatants of 51 of these hybrids contained anti- 
body reactive with Ne8704, but only 13 were positive 
against both Ne8704 and Wo7907. Cells from these 13 weUs 
were cloned. Among the resultant clones, only one desig- 35 
nated as AD1-40F4 produced an antibody that reacted with 
U-TAA of Ne8704, Wo7907, and Se8703 urine samples but 
not with two concentrated normal urines. AD1-40F4 proved 
to be an IgM molecule by double^ jmmunodiffusion. Unproc- 
essed hybridoma supernatant of mis clone had an anti-U- *o 
TAA IgM titer of 1:200. AD1-40F4 raised in mouse ascites 
had an anti-U-TAA IgM titer of 1:2000-1:5000 and was 
used in subsequent experiments at 1:200-1:500 dilutions. 
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Specificity Analysis of AD1-40F4: A murine monoclonal 
antibody capable of differentiating between U-TAA and 
normal urine was raised in mouse ascites and tested for 
reactivity with a variety of immobilized targets (Euhus, D. 
et al., J. Clin. Lab. Anal. 3:184 (1989)). The ascite was used 50 
at 2 ug/ml in all of the following assays. To assess whether 
the antibody recognized some common human or fetal calf 
serum protein, the following commercially available pro- 
teins were used at 10 ug/ml as targets in ELISA: ferritin, 
pooled hUman IgG, pooled human IgM (Cooper Biomedical, 55 
Westchester, Pa.), B2-microglobulin, B2-glycoprotein, apo- 
lipoprotein B, apolipoprotein CH, and apolipoprotein CHI 
(Calbiochem, LaJolla, Calif.), human serum albumin (Miles 
Laboratories, Inc., Naperville, HI.), and fetal calf serum 
diluted 1:10. In addition, 20 normal and 52 stage II and m 60 
melanoma sera were diluted 1:10, immobilized on polysty- 
rene plates, and then reacted with the antibody. To determine 
whether the reactivity of the monoclonal antibody correlated 
with human aUogeneic antibody reactivity, 5 melanoma 
urines positive for U-TAA, 5 melanoma urines negative in 65 
the allogeneic double determinant ELISA, and 10 concen- 
trated normal urines were used as targets in ELISA. 



Murine monoclonal antibody AD1-40F4 exhibited no 
reactivity with ferritin, pooled human IgG, pooled human 
IgM. B2-microglobulin, B2-glycoprotein, apolipoprotein B, 
apolipoprotein CIL apolipoprotein CHI, or human serum 
albumin. In addition, it did not react with whole fetal calf 
serum. 

Monoclonal antibody AD1-40F4 reacted with 65% (33/ 
52) of randomly selected melanoma sera from stage H and 
HI patients who were alive with disease at the time of serum 
sampling but with only 5% (1/20) normal sera. 

Five concentrated urines from melanoma patients testing 
positive for U-TAA in a human aUogeneic double determi- 
nant ELISA also demonstrated strong reactivity with AD1- 
40F4, while five urines that were known to be U-TAA 
negative failed to react with AD1-40F4. 

UCLA-SO-M 14 is a cultured melanoma cell line that 
grows well in chemically defined medium. Concentrated 
spent media fractionated on a sepharose 6B column was 
tested in ELISA as the target for murine monoclonal anti- 
body AD1-40F4. The material in the void volume of the 
column reacted at a dilution of 1:23,000 with AD1-40F4. 
This dilution corresponded to a protein concentration of 177 
ng/ml. 

EXAMPLE VIH 

ELISA: Target antigen or capturing antibody was diluted 
in 0.06M sodium carbonate buffer (pH 9.6) and bound to 
polystyrene microtiter plates (Immulon I, Dynatech 
Laboratories, Inc., Alexandria, Va.) by incubation at 37° C. 
for 2 hr in 100 ul/well aliquotes. The plates were then 
washed three times with PBS supplemented with 0.05% 
Tween-20 (PBS-T). Each subsequent reagent was diluted in 
PBS-T and added in 100 ul aliquotes per welL Each reagent 
addition was followed by a 45 minute incubation at 37° C. 
and three PBS-T washes. As the final step, 200 ul of 
para-nitrophenyl phosphate at 1 mg/ml in 10% diethanola- 
mine (pH 9.8) as substrate for the enzyme was added to each 
well. The plates were incubated at 23° C. and color devel- 
opment in each well was measured as absorbance at 405 nm 
using a Multiscan EIA plate reader (Flow Laboratories, Inc., 
McClean, Va.). Each assay was run in quadrupHcate with 
positive and negative controls, as well as controls for 
non-specific protein binding and conjugate binding to the 
immobilized antigen or antibody. 

EXAMPLE IX 

Double Determinant EIA: Initially, the U-TAA content of 
fractionated melanoma urine was measured using a double 
determinant EIA, which employed allogeneic anti-U-TAA 
IgM and IgG antibodies from melanoma patients. In most x 
subsequent experiments, U-TAA content was measured in a 
xenogeneic double determinant EIA employing murine 
monoclonal antibody AD1-40F4 and baboon polyclonal 
anti-U-TAA IgG. 

In the allogeneic antibody assay, microtiter plates were 
sensitized with IgM (allogeneic) antibody at 20 ug/ml. 
Serially diluted standards and urine fractions diluted 1:10 in 
PBS-T were then applied. Allogeneic IgG antibody at 20 
ug/ml in PBS-T was added as the second antibody. Alkaline 
phosphatase conjugated to goat anti-human IgG (Sigma 
Chemical Co., St. Louis, Mo.) diluted 1:1000 in PBS-T was 
used as the enzyme conjugate. The absorbance at 405 nm 
was recorded after a 2 hr incubation with the substrate. The 
U-TAA concentration of each sample was obtained by 
interpolation from the standard curve. The assay has a 
sensitivity of 570 ng/ml. 
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In the xenogeneic double determinant EIA murine mono- melanoma patients, except that no antigen was detected in 

clonal antibody AD1-40F4 at 176.0 ug/ml was used to association with IgM. 

capture the antigen while baboon IgG at 8.9 ug/ml was used Fractions cornprising tne second ^ of ^ 

as the second antibody. This assay has a sensitivity of 50 exchange column were pooled and concentrated to 2 ml. The 

ng/ 5 protein content of this preparation averaged 3.78 mg/ml. 

EXAMPLE X Because this fraction contained small amounts of IgG, -it was 

absorbed sequentially with rabbit anti-human IgG immuno- 

Sera for U-TAA Activity: Blood was collected by veni- beads to remove the contaminating IgG. One absorption 

puncture from 52 melanoma patients with disease metastatic oUminished the IgG titer by 95%, while four absorptions 

to regional lymph nodes, in transit lymphatics, or distant 10 removed 99.5% of the IgG. The U-TAA titer, in contrast, 

visceral tissues and allowed to clot at room temperature for was minimally affected 

2 hrs. Sera was separated from the clotted blood by cen- U-TAA isolated by anion exchange chromatography and 

trifugation at 800xg for 15 minutes and immediately frozen absorbed against anti-human IgG immunobeads was further 

at -35° C. Sera from 20 apparently healthy controls was purified by gel filtration chromatography. The sephacryl 

obtained and processed in a similar manner. On the day of 15 S-300 chromatogram consisted of one major protein peak 

assay, the serum samples were thawed, diluted 1:10 in and several minor peaks. The U-TAA activity of antigen 

0.06M carbonate buffer, and applied to microtiter plates in positive preparations was consistently confined to a sym- 

100 ul allquotes and incubated at 37° C. for 2 hrs. After metrical high molecular weight peak that was distinct from 

washing, the wells were reacted with 100 pi of 1:500 the major protein peak (this peak was not present in prepa- 

dilution of AD1-40F4 MoAb. Bound AD1-40F4 was 20 rations from U-TAA negative sera), 
labeled with goat anti-mouse immunoglobulin conjugated to 

alkaline phosphatase (Jackson Immunoresearch, West EXAMPLE XII 

Grove Pt) that was diluted 1:5000 in PBS-T supplemented SDS-polyacrylamide Gel Hectrophoresis (SDS-PAGE): 

with .l%bovwe serum albLmm, (S.gma Chemical Co St Fifty ul of U-TAA from serum at 64 ug/ml was heated to 

*™ TV b ^ T 100°C.foronen 1 inu te in25ul O f0.06MTris-Ha( P H6.8) 

w^tt^fneTfnd J^^f Tr ^ f l25% sodium dodecyl sulfate 

was determined and corrected for background (binding of an A , 0 a a ^ 

atm Ar\T?A * , • ,* «. c ~ . & and L3% 2-mercaptoethanol. The reduced sample was 

AD 1-40F4 to plastic and binding of the enzyme com ugate i^a^ n i en* * , • / 

* 4U * ♦ \ o- A _ ' , . 7. B loaded onto a stacking gel containing 5% polyacrvlamide 

to the target sera). S«ty-toee p^cent (33/54) of dxsease and ^ on a 9^^ lyacrylami i gel for 4 

^fln^S^^nw ^ ™ e ^8 buffeTconsSed of QflSM Tris. 0.38M 

S,' . v TV* Z^J * > I",, » ****** M™*- and 0-1% sodium dodecyl sulfate (pH 8.4). All gels 

heahhy volunteers exMbited the reacuvity However, the were mn ^ d Ucate Qne ^ ^ ^ J 



reagent (Bio-Rad Laboratories, Richmond, Calif,) and the 



reactivity of this normal serum was minimal 

EXAMPLE XI 35 otner was subjected to immunoblotting. 

Isolation of U-TAA from Serum: A variety of chromato- EXAMPLE XUI 
graphic and afSnity absorption techniques were employed to frnmunoblottiiig: One of the two electrophoresed poly- 
isolate and characterize U-TAA .from the positive serum. acrylamide gels was washed for 30 min with 0.02M Tris, 
Special attention was given to the removal of IgG from the ^ 0 . 15M g ydnc and 2 Q% e thanol and electroblotted to nitro- 
antigen preparation to ensure that AD1-40F4 was recogniz- cellulose paper (0.45 urn, Bio-Rad Laboratories) at 50 Volts 
ing a novel macromolecule and not an idiotypic determinant for 16 ^ (4 o c } After decfroblomn o the nitrocellulose 
on an antibody molecule. paper was treated with 5% casein in blotting buffer (0.05M 

Selected serum samples were applied to a DEA&sephacel Tris, 0.09M NaCl, pH 8.0) for 2 hrs at 23° C The treated 

column and eluted at a flow rate of 30 ml/hour with a pH (8 45 paper was reacted with AD1-40F4 (1 :500) murine MoAb or 

to 5) and salt (0.015 to 03M) gradient formed by slowly baboon anti-U-TAA IgG (1:500) in the blotting buffer 

siphoning 0.3M KR^0 4 (pH 5.0) into a vessel containing supplemented with 5% casein for 6 hrs at 23° C. and then 16 

200 ml of 0.0 15M K 2 HP0 4 (pH 8.0). 1\vo milliliter fractions hrs at 4° C. Following incubation with anti-U-TAA antibody, 

were collected and the absorbance at 280 nm and pH of each the paper was washed four times in 200 ml blotting buffer, 

fraction were determined. The U-TAA activity of fraction- 50 Alkaline phosphatase conjugated to goat anti-mouse Ig or 

ated sera was measured using the xenogeneic double deter- goat anti-human IgG in blotting buffer supplemented with\ 

minant EIA described above. Fractions containing the 5% casein was used to detect bound anti-U-TAA antibody. 

U-TAA activity were pooled and concentrated to 2 ml by After incubation with the enzyme conjugate at 23° C. for 45 

ultrafiltration (FIG. 5). min; the nitrocellulose paper was washed four times with the 

The majority of serum IgG eluted in the first peak of the 55 blotting buffer. After washing again for one minute in 

column; however, small amounts were present in the second substrate buffer (10 mM Tris, 0.1M NaCl and 0.05M MgCl 2 , 

peak as well. As expected, IgM was detected only in the last pH 9.5), the paper was reacted with Nitroblue Tetrazolium 

peak. The elution profile of a normal serum was similar to Chloride/5 -Bromo-4-chloro-3 indolyl phosphate p-toluidine 

that of a melanoma serum, but no U-TAA was detectable in (NBT/BCIP) according to the manufacturer's directions 

any fraction. In the U-TAA positive melanoma sera, the 60 (Bethesda Research Laboratories, Gaithersburg, Md.). The 

antigen was eluted primarily with the second peak* though molecular weights of the positive bands were determined 

small amounts were eluted with IgG in the void volume and based on the relative migration of prestained molecular 

traces were detected in association with IgM. U-TAA in the weight markers (Bio-Rad Laboratories, Richmond Calif.), 
second peak eluted at pH 7.27, which corresponds to a 

K 2 HP0 4 molarity of 0.021. The anion exchange elution 65 EXAMPLE XIV 

profile of the normal serum that was reactive with AD1- SDS-PAGE Analysis of Serum U-TAA: U-TAA from 

40F4 murine MoAb was identical to that of the serum from serum separated by SDS-PAGE and stained with the silver 



5.700.649 



19 



10 



reagent produced four bands in the regions of 138. 90, 50. 
and 25 kD. When transferred to nitrocellulose paper and 
iramunostained, the 90 kD band was the only one which 
reacted with both murine monoclonal antibody, AD1-40F4, 
and baboon polyclonal anti-U-TAA IgG (FIG. 6). U-TAA 
from the one cross-reacting normal serum exhibited an 
identical immuno-staining pattern; however, the similar 
preparation from U-TAA negative normal sera showed no 
reactivity with either antibody. 

EXAMPLE XV 

Presence of U-TAA Subunits on Tumor Cells: To deter- 
mine the expression of 90 kD component which is recog- 
nized by allogeneic antibody, cell free NP-40 extract of 
biosynthetically labeled ( 14 C-Heucine) melanoma (UCLA- 
SO-M14) cells was subjected to immunoprecipitation with 
the allogeneic antibody before and after blocking with 
U-TAA. The U-TAA (blocker) was purified from the urine of 
melanoma patients as described in Example L The NP-40 
extract of melanoma cells was prepared as described in 
Example XXXEL The immunoprecipitates were subjected to 
SDS-PAGE (12% polyacrylamide). Radioactivity in blocked 
and unblocked immuno-precipitate lanes of the gel was 
assessed by scintillation counting. As depicted in FIG. 7, 
three bands, 150 kD, 90 kD and 45 kD. were partially or 
completely blocked by U-TAA. These results document that 
the allogenic antibody reacted with multiple antigenic com- 
ponents of melanoma cells. One of these was a 90 kD 
subunit that is also present in the urine and serum of 
melanoma patients and is recognized by the murine mono- 
clonal antibody AD1-40F4. 

EXAMPLE XVI 



Isoelectric Focusing: Isoelectric focusing of serum 35 
U-TAA was performed in a 5% polyacrylamide gel using an 
LKB 2117 Multiphor system (LKB Instruments, Inc., 
Rockville, Md.). A strip of filter paper was soaked in 25 ul 
of U-TAA and placed 1 cm from* the cathode edge on the 
PAG plate (LKB Instruments, Inc.), which contained 2.4% 40 
(w/v) ampholine solution with a pH gradient of 3.5-9.5. 
H 3 P0 4 (1M) and NaOH (1M) were used at the anode and 
cathode, respectively. The plate was electrofocused by appli- 
cation of 1500 volts, 50 mA, and 30 watts for 1.5 hours at 
10° C. Commercially available chromogenic proteins of 45 
known isoelectric point (Pharmacia Fine Chemicals, 
Piscataway, N.J.) were included in each run. A portion of the 
gel was cut and stained with coomassie blue. However, 
because the protein content of the U-TAA preparations was 
quite low (64 ug/ml) coomassie blue staining did not visu- 50 
alize the U-TAA bands. To overcome this difficulty the 
remainder of the gel was analyzed by the Western blot 
technique. 

Focused gels were blotted onto nitrocellulose and reacted 
with baboon anti-U-TAA IgG. Only one band was visualized 55 
by this technique, making it possible to assign an isoelectric 
point of 6.1 to U-TAA purified from the serum (FIG. 8). 
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TABLE 2 



Heat Stability of U-TAA Isolated From 
Serum of a Melanoma Patient 

Absorb ance at 405 ran in Xenogeneic 
Double Determinant EIA 



Treatment 



Control* 

100° C. for 15 min 
100° C. for 1 hr 



0.635 ± 0.035 b 
0.578 ± 0.042 
0 .594 ± 0.065 



15 



20 



25 



30 



*U-TAA was heat treated at a protein concentration of 200 jig/ml and used in 
the assay at 1 .4 ug/ml as the target antigen. 
^4ean ± standard deviation of triplicate samples. 

EXAMPLE XVm 
Enzyme Digestions: To assess the effects of glycosidase 
digestion on the U-TAA activity of normal and melanoma 
urines as determined by the allogeneic double determinant 
ELISA, mixed glycosidase (Miles Scientific, Naperville, 
111.) were coupled to CNBr-activated Sepharose 4B 
(Pharmacia, Uppsala, Sweden) according to the manufac- 
turer's specifications. The activity of the immobilized gly- 
cosidase was assessed by recording hydrolysis of a standard 
p-nitrophenyl-2-D-glucuronide solution. Twenty-four hour 
urine specimens were collected from 14 individuals (7 
apparently healthy, 7 stage n melanoma alive with disease) 
in 0.1M Tris (pH 8.3) supplemented with 0.1% sodium 
azide. Initial volume and creatinine content (Beckman Crea- 
tinine Analyzer, Fullerton, Calif.) were determined for each 
specimen prior to 100-fold concentration in a recirculating 
hollow fiber concentrator with an exclusion limit of 10,000 
daltons (Amicon Corp., Lexington, Mass.). Concentrated 
urines were treated with enzyme charged gel (or unlabeled 
gel prepared in an identical fashion and blocked with 1M 
ethanolamine) for 4 hrs at 37° C Treated and untreated 
urines were then tested for U-TAA activity in the allogeneic 
double determinant ELISA described above. Results 
(U-TAA ng/100 ml) were converted to antigen units (Ag 
U)/mg creatinine to compensate for differences in initial 
urine volume and interassay variation as follows: 



AgUhng creat - 



[U-TAA)xFxlO0 
[crea/J X K 



EXAMPLE XVn 

Heat Stability: To assess the heat stability of the immu- 
noreactive epitope, U-TAA preparation was heated to 100° 
C. for 15 min and for one hr. This preparation, as well as the 
corresponding unheated preparation, was used at 1.4 ug/ml 
as target for the antibody. 

Heating the solution to 100° C. for up to 1.0 hr did not 
affect the antigenic activity significantly (Table 2). 



60 



65 



where Ag U/mg creat is antigen units per mg creatinine, 
[U-TAA] is U-TAA concentration of the sample in ng/ml 
interpolated from the standard curve. F is the final volume 
of the 100-fold concentrated urine sample; [creat] is creati- 
nine content (in mg) of the entire 24-hr urine sample and K 
is the protein concentration (ng/ml) of the U-TAA standard 
producing an O.D. at 405 nm of 1.0 in this assay. ThisX 
concentration is arbitrarily assigned a value of 100 antigen 
units. 

Urine samples from seven apparently healthy donors had 
a mean U-TAA content of 21.9+4.0 antigen units/mg crea- 
tinine (by alloantibody assay), while sample from seven 
stage IE melanoma patients alive with disease had a mean 
U-TAA content of 69.8±17.4 antigen units/mg creatinine 
(P<0.025). Mixed glycosidase treatment of specimens from 
normal donors lowered the mean antigen level slightly to 
14.8+2.8 P>0.1, while similar treatment of melanoma urines 
significantly augmented these antigen levels to 163.7±49.4, 
P<0.025. 

EXAMPLE XIX 
Characterization of Murine Monoclonal Antibody (AD1- 
40F4) Reactive Eptitope: To elucidate the chemical nature 
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of the ADl-40F4-reactive epitope. U-TAA was degraded diated tumor cells and 12 million Glaxo BCG organisms 

with various enzymes immobilized on agarose beads. Mixed Subsequent vaccinations consisted of 24 million live and 

glycosidase (Miles Scientific) and hyaluronidase irradiated tumor cells without BCG. The immunization 

(Worthington Biochemical. Freehold. N.J.) were coupled to schedule consisted of biweekly vaccinations for the first six 

CNBr activated agarose beads (Sepharose 4B. Pharmacia 5 weeks and every four weeks thereafter. 

Fine Chemicals. Uppsala. Sweden)^ The immobiUzed pro- Statistical Analysis: Antibody titers in various groups are 

tease was purchased from Sigma Chemical Co. (St. U>uis. expressed as mG[ of ^ mea ? (S P ^ 

Mo.)^ The specific activity of each immobilized enzyme was Reltvant comparisons were made using students' paired 

tested against the appropriate substrate system before treat- T . tests ^ Qda ^ anaJ h ^ ^ 

ment of the antigen. ,o employcd „, these analyses was StatView (Brain Power 

U-TAA at 36 ug/ml was continuously mixed end-over-end Inc.. Calabasas. Calif.) for the Macintosh computer, 
for 4 hrs at room temperature with an equal volume of 

packed-immobilized enzyme beads. CNBr activated agarose EXAMPLE XXI 

beads (without enzyme) blocked with 1M ethanolamine. iVfM-minatmn «f c»„, m a.,mita» * . u a 

were used as untreated control. U-TAA activity of the « P Determinauon of §snim Anti-U-TAA Antibody Titers: 

enzyme treated and untreated supernatants was assessed in ffi'S^^w "^ft?^ 
a competitive inhibition assay as follows: Treated and ^ti£ T , peDS ^ k int0 . 96 " weU POly lT™ 
untreated U-TAA were diluted to 0.63 ug/ml and incubated Zt^ P I * 3 ^JS?**™ "J? C " 

for 45 min at 37° C. with ADWOF4 murine monoclonal *V£ * ™*c washed 3 times m PBS-T and 100 ul of 
antibody ascites diluted at 1:375. Binding of the AD1-40F4 20 ^^J"^ ^ It mal ' 

totnisnnxtwetoimmobiUzedU-TAAwasthenquantitated ™ a\ f 7 were washed and anti-U-TAA 

in an ELISA. Following correction for non-spedfic binding "^ff^f ^ ph f 

to plastic and target antigen, the absorbance at 405 nm waf £ ^ IgG (^1=500) or ^(diluted 
converted to percent inlubition. Each assay was run in '^-f f vnT^T^f ^-TV*"* 

plicate and a, . average percent inhibitioniEM was cal- * « SS^VTS T»T 
culated. The inhibitory activity of enzyme treated antigen min , H fnr ,„", A11 *? 5 ™ W 

wasconiparedwimmatofunteatedantigeninasiinpleratio Zro^ t ™S'f ^ T^ 1 " * 

<% inhibition treated/% inhibition untried). TheTe ratios 2£T3a^2 S^nT^!^ 8 ° f C ° nJU ' 
provided a basis for comparing the effects of the three l^J^li^ g ^T"* T 
enzymes on U-TAA. 30 generated by plotting Ae average directed O.D.^ for 

' the duplicate samples against the serum dilution (logA The 

One would expect that treatment of U-TAA with an linear portion of the titration curve was extrapolated and the 
enzyme that does not affect the immune-reactive epitope serum dilution corresponding to an O.D. of 0.05 was des- 
would result in an activity ratio near 1.0:1. This was the case ignated as the anti-U-TAA "titer" of that particular sample 
with hyaluronidase treatment, where the activity ratio of 

treated to untreated antigen was 1.5:1. The treatment with 35 EXAMPLE XXII 

glycosidase enhanced the antigen activity (ratio of 3.2:1). A „ t , TA . T A ... . _ . . . , 

while protease treatment significantly ^diminished the p a ^ n t ™ ^T™ ™ ^ elanom f 

U-TAA activity resulting in a ratio of 0.2:1. Prolonging the ?ff £ W * D ° ™ ^ ^ 

protease incubation ttoe by 8 : -hrs destroys all U-TAA T ^ non - vaccuiated melanoma control 

activity 40 Patients and MCV patients pnor to receiving the vaccine 

y ' (1:1324+254, N=7, 1:1138+198, N=15, P>0.375). However, 

EXAMPLE XX levels were significantly lower in a group of 8 appar- 

ently healthy donors. Pre-vaccination anti-U-TAA IgM titers 
Patients: Serum samples from 15 patients undergoing ranged from 1:112 to 1:2466 in the 15 patients who received 
active specific immunotherapy with the MCV were collected 45 the MCV (Table 3). Eleven of the 15 patients receiving 
prior to immunization and every 2 to 4 weeks thereafter for MCV demonstrated a 2 to 5-fold increase in these titers 
analysis of anti-U-TAA antibody levels. Seven of the 15 during the course of vaccination. Mean IgM anti-U-TAA 
patients evaluated had received cyclophosphamide with titers for these 11 patients rose from 1:1051+259 pre- 
their MCV. Samples were also collected from 7 unvacci- vaccination to 1:2518+576 post- vaccination (P<0.005). 
nated Stage II and m melanoma patients for comparison. 50 Individual peak anti-U-TAAIgM titers ranged from 1:435 to 
The samples were stored at -40° G, and all samples for a 1:5140. ^ 
given patient were thawed and analyzed on the same day. To 

ensure that at least half of the subjects were capable of EXAMPLE XXm 

mounting an antibody response to cell membrane antigens, Anti-U-TAA IgG Antibody Response: Pre-vaccination 
patients Vere chosen on the basis of their antibody response 55 anti-U-TAA IgG titers in the 15 MCV patients ranged from 
to M-TAA; eight of the 15 patients had demonstrated i : i062 to 1:8361 (Table 3). The mean pre-vaccination titer 
induction of anti-M-TAA antibodies during the course of 0 f 1:3984±602 in this group of patients is higher than that of 
vaccination, while 7 did not This also allowed us to deter- the 7 unvaccinated melanoma control patients ( 1:2595±423, 
mine whether antibody response to one membrane antigen p <0 . l). The mean anti-U-TAA level for 8 apparently healthy 
guaranteed antibody response to other antigens on the same ^ conLro ls was significantly lower than that of the unvacci- 
cell surface. nated m^oma control group. Six of the 15 patients 

Vaccination Protocol: First vaccination comprised of 24 receiving the MCV demonstrated a 2 to 7-fold rise in 
million live, irradiated tumor cells (from cell lines desig- anti-U-TAA IgG titers. Mean anti-U-TAA IgG titers in this 
nated UCLA-SO-M10, UCLA-SO-M24 and UCLA-SO- group of 6 responders rose from 1:2964±1046 pre- 
M101 which were selected for their antigenic variability) 65 vaccination to 1:9958+2677 post vaccination (P<0.01). Indi- 
mixed with 24 million Glaxo BCG organisms. Second vidua! peak titers in this group ranged from 1:2,176 to 
vaccination consisted of a mixture of 24 million live, irra- 1:20.481. 
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TABLE 3 

Anii-U-TAA IgM and IgG responses ill 15 patients receiving melanoma cell vacine (MCV) 



Ml _ IgG 



PATIENT 


*CTX 


b M-TAA 


*PRE- 
MCV 


d POST- *WEEKS TO 
MCV RESPONSE 


'response 
duration 


PRE- 
MCV 




POST- WEEKS TO 
MCV RESPONSE 


PFCPON9P 

DURATION 


1 


+ 




1,200 


1,049 






3,200 


4,045 






2 


+ 




877 


736 






2,445 


3,635 






3 




+ 


1,696 


3,529 


2 


4 


4,056 


7,270 






4 


+ 




1,011 


2,445 


8 


4 


1,587 


1,869 






5 


+ 




1,562 


1,421 






7,987 


20,481 


20 


>10 


6 


+ 




112 


515 


12 


>8 


4,915 


5,990 






7 


+ 


+ 


218 


448 


8 


>8 


5,348 


3,599 






8 


+ 


+ 


1,466 


5,140 


4 


4 


2,274 


14,848 


4 


>36 


9 






1,411 


5,043 


20 


>20 


2,816 


7,578 


40 


>4 


10 




+ 


464 


1.261 


6 


4 


1,062 


2,176 


8 


4 


11 






1,866 


1,933 






2,496 


7,680 


40 


>4 


12 






134 


435 


12 


4 


8,361 


8.456 






13 




+ 


2,278 


4,992 


16 


4 


1,149 


6.982 


8 


>40 


14 




+ 


384 


1,152 


4 


>20 


6,066 


6,651 






15 




+ 


1,389 


2,742 


16 


8 


4,992 


6,349 







*MCV along (-) or with cyclophosphamide (+); 

b patknt exhibiting good anti-M-TAA response (+); 

c rcciprocal mean pre vaccination antibody titer; 

Reciprocal post -vaccination peak titer; 

*weeks for MCV to induce >2-fold rise in antibody titer; 

'number of weeks in which >2-fold elevation in antibody titer persisted 



EXAMPLE XXIV 

HLA Studies: To assess whether anti-HLA antibodies 
could account for part or all of our observed antibody 
responses, the following experiments were performed First, 
to mitigate the possibility that our U-TAA preparation was 
contaminated with HLA, U-TAA was immobilized on poly- 
styrene microtiter plates and tested for reactivity with a 
murine monoclonal anti-HLA antibody in an EIA (AXL 
859M, Accurate Chemical and Scientific Corp., Westbury, 
N.Y.). This antibody is directed against a monomorphic 
epitope which occurs on the 45 lfD polypeptide products of 
the Class 1 HLA. Thus, any Class 1 subtypes present in the 
U-TAA preparation would be detected. A murine mono- 
clonal anti-U-TAA antibody diluted 1:750 was run simulta- 
neously as a positive control. 

Secondly, as part of a study to determine the relationship 
between induction of anti-tumor antibodies and anti-HLA 
antibodies, 8 pre- and postvaccination sera of melanoma 
patients who received a melanoma cell vaccine (MCV) were 
tested for anti-HLA antibodies in a cytotoxic antibody assay 
that quantitates reactivity with the individual Class 1 and DR 
antigens (Terasaki, P. I. et aL, Manual of Tissue Typing 
Techniques, DHEW Publ. (NTH) 74-545 U.S. Government 
Printing Office, Washington, D.C., p. 54, incorporated by 
reference herein). These pre- and postvaccination reactivi- 
ties were then compared with anti-U-TAA antibody levels. 

The murine monoclonal antibody directed at a monomor- 
phic epitope of the HLA Class 1 antigens failed to react with 
our U-TAA preparation even at dilutions ranging from 1:5 to 
1:80. An anti-U-TAA murine monoclonal antibody run 
simultaneously at a dilution of 1:750 developed intense 
color within 1 hour. 

In addition, development of anti-HLA antibodies did not 
correlate in any way with anti-U-TAA antibody response. 
Only one of the 8 patients tested developed a strong anti- 
HLA antibody response during the course of vaccination. 
Before vaccination, this patient had undetectable anti-HLA 
antibody levels but high anti-U-TAA IgG levels (1:5056). 
During the course of vaccination he developed high levels of 



antibody to a variety of Class I HLA's but no change in his 
anti-U-TAA IgG level. The anti-U-TAA IgM titer merely 
doubled during this period. Another patient, number 8, never 
developed significant anti-HLA levels, but his anti-U-TAA 
IgG and IgM titers rose 6.5-fold and 3.5 fold respectively 
during the course of vaccination. Four other patients exhib- 
ited 2 to 4-fold increases in their anti-U-TAA IgM levels 
without evidencing induction of anti-HLA antibodies. 

EXAMPLE XXV 

Anti-KLH IgG Antibody Response: To determine whether 
or not the antibody response to MCV detected in melanoma 
patients by ELBA was specific to U-TAA, the same serum 
samples (pre- and post-MCV) were reacted against KLH as 
the target antigen. Results presented in Table 4 denote that 
the majority of the patients (14/15) had detectable levels of 
anti-KLH antibodies before MCV treatment These antibody 
levels increased by greater than 2-fold in only two patients 
after administration of MCV. In other patients, the anti-KLH 
levels either remained more or less the same or decreased. 
There was no concordance between the increase in anti- 
KLH and the anti-U-TAA antibodies (IgG or IgM) in 
response to MCV. \ 

TABLE 4 
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Anti-KLH titer* 


Weeks 


Patient # 


Pre-MCV 


Post-MCV 


Post-MCV 


I 


400 


480 


4 


2 


460 


62 


4 


3 


<20 


4,000 


2 


4 


68 


20 


8 


5 


260 


940 


4 


6 


150 


105 


12 


7 


60 


600 


8 


8 


580 


780 


4 
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TABLE 4-continued 
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Anii-KLH Antibody Levels in Melanoma Patients Before and 
After MCV Treatment as Assessed by ELLS A 



Anti-KLH titer* 



Weeks 



Patient # 


Pre-MCV 


Post-MCV 


Post-MCV 


9 


400 


190 


20 


10 


280 


850 


6 


11 


290 


250 


4 


12 


1,000 


1,050 


12 


13 


140 


240 


16 


14 


330 


110 


4 


15 


125 


96 


16 



detectable levels of U-TAA is listed in Table 5. These 
incidences are quite comparable with that of melanoma 
patient (63.4%). 

TABLE 5 

Incidence of U-TAA in urine of patients with carcinoma 
of the breast, colon and lung by the double determinant 
EI A. 



10 



•Reciprocal of the titer was determined from the point on the serum dilution 
curve that exhibited 0.05 OX). 405am 



EXAMPLE XXVI 

Time Course of Antibody Response: Four of the 11 
anti-U-TAA IgM responders developed 2-fold elevations 
in these antibody levels 2 to 6 weeks following the first 
vaccination, 6 after 7 to 16 weeks, and 1 after 20 weeks of 
immunization. Median time to anti-U-TAA IgM response 
was weeks. Anti-U-TAA IgM titers remained elevated from 
4 to >20 weeks with a median of 8 weeks in these 11 
patients. 

Three of the 6 patients mounting good anti-U-TAA IgG 
responses demonstrated ^2-fold elevations in these titers to 
8 weeks following the first vaccination, one responded after 
20 weeks and 2 required 40 weeks of vaccination to produce 
IgG responses. Median time to response was 14 weeks. The 
responses in these 6 patients lasted from 4 to >40 weeks, 
with a median of >10 weeks. 

EXAMPLE XXVn 

Stage of Disease and Prior Anti-M-TAA Response: Of the 
15 patients evaluated in this study, 11 had disease confined 
to the lymph nodes or locoregional subcutaneous tissues, 
while 4 had distant metastases. All 4 patients with visceral 
metastases (3 with pulmonary metastases and 1 with a liver 
metastasis) mounted good anti-U-TAA IgG responses. Prior 
to vaccination, these anti-U-TAA IgG levels ranged from 
1:1149 to 1:2816 (mean 1:2184±362). Postvaccination the 
titers peaked at 1:5000 to 1:14,848 with a mean of 
1:8777±2117, a 4-fold increase for the group. 

Anti-melanoma-TAA antibody levels from sequential 
serum samples were available for all 15 patients evaluated in 
this study (Gupta, R. K. et al., Proc. Amer. Soc. Clin. Oncol. 
6:249 (1987) incorporated by reference herein). Eight of 
these 15 patients had mounted good anti-M-TAA antibody 
responses with MCV. Augmentation of anti-melanoma-TAA 
antibody levels did not correlate with augmentation of 
anti-U-T/tA IgG levels (R 2 =0.279). Overall, the anti-U-TAA 
response rate (IgM and/or IgG) is higher for M-TAA 
responders than for M-TAA non-responders, but the differ- 
ence is not significandy different (X 2 , P>0.3). 

EXAMPLE XXVm 

Detection of U-TAA in the Urine of Patients with Breast, 
Colon and Lung Carcinomas: Urine samples obtained from 
patients suffering from carcinoma of the breast, colon or 
lung were analyzed for the presence of U-TAA using the 
double determinant EIA that employed murine monoclonal 
AD1-40F4 and baboon polyclonal anti-U-TAA IgG as 
described in Example EX. The incidence of the presence of 
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Histologic Type 


# Tested 


# Positive 


% Positive 


Breast Carcinoma 


14 


9 


64.3 


Colon Carcinoma 


13 


9 


69.2 


Lung Carcinoma 


7 


3 


42.8 


Sarcoma 


17 


10 


58.8 


Normal 


77 


2 


2.6 


Melanoma 


115 


73 


63.4 



♦Murine monoclonal antibody AD1-4QF4 was used to capture the antigen and 
baboon polyclonal antibody to detect the captured antigen as described in 
Example IX. An EIA value of greater than 0.68 was considered positive. 
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40 



45 
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EXAMPLE XXIX 

Monitoring of Malignancy Using U-TAA Levels in Urine 
of cancer patients: urine samples collected sequentially in a 
prospective manner from 3 1 melanoma patients treated by 
curative surgery were analyzed for U-TAA level by the 
double determinant EIA as described in Example IX with the 
following modification. The samples were heated at 100° C. 
in a boiling water bath for 2.5 min, cooled in an ice water 
bam for 5 min. and mixed with equal volume (200 ul) of 
0.025M phosphate buffered saline supplement with 0.5% 
Tween-20. One hundred microliters of these mixtures were 
tested in the capture assay. Of the 31 patients, the U-TAA 
ET ISA value of 10 patients remained negative (<0.68 
OD405) during the course of their monitoring for one year. 
Of these, only one (10%) has thus far had clinically detect- 
able recurrence of the disease (Table 6). Recurrence in this 
patient occurred 24 weeks after entering the study. In 
contrast, the urine samples of 21 of 31 patients became 
U-TAA positive (>0.6 OD^). Of these U-TAA positive 
patients, 12 (57%) have developed clinically detectable 
recurrence within 0 to 24 weeks). In view of the U-TAA 
positive results, this group of patients can be considered at 
high risk of recurrence. Analysis of sequential urine samples 
of patients with other malignancy can be used to monitor 
subclinical recurrence of the disease. 

TABLE 6 



Relationship between detection of U-TAA in urine of 
melanoma patients and recurrence of clinically detectable 
disease in a prospective study of one year. 



U-TAA 



# of Patients 
with recurrence 



# of Patients 
without recurrence 



Total 



Negative 
Positive 

TOTAL 



12 



9 
9* 



10 
21 



31 



p < 0.05 by students t-test 
* patients with high risk of recurrence. 

60 

EXAMPLE XXX 

Stimulation of U-TAA Expression by Interferons: Modu- 
lation of the major histocompatibility antigens has been 
65 associated with tumorigenicity (Hayashi, H. et al.. Cell 
43:263-267. (1985) incorporated by reference herein). The 
evidence indicates that reduction or absence of class I 
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antigen expression reduces immune recognition of tumor 
cells, allowing them to escape immune destruction. Treat- 
ment of tumor cells which have reduced or no expression of 
class I HLA with interferon has resulted in reduced tumori- 
genicity (Tanaka. K. K. et aL. Science (Wash. D.C.) 
228:26-30 (1985); Eager. K. B. et aL, Proc. Natl. Acad. Sci. 
U.S.A. 82:5525-5529 (1985) incorporated by reference 
herein). 

It is known that treatment of human cultured tumor cells 
with interferon often increases the expression of histocom- 
patibility antigens (class I) and modulates (increases or 
decreases) the expression of tumor antigens (Imai, K. et aL, 
J. Immunol. 127:505-509; Giacomini, P. et aL. J. Immunol. 
133:1649-1655; Perosa, F. et aL. J. Immunol. 
138:2202-2207 (1987) each of which is incorporated by 
reference herein). We treated three melanoma cell lines— 
UCLA-SO-M10, UCLA-SO-M24, and UCLA-SO-M101— 
with gamma and alpha-interferon to determine if this 
affected the level of U-TAA expression. The cells of each 
cell line were cultured in RPMI- 10% FCS with and without 
supplementation with 500 units/ml of the interferons at 37° 
for 96 hrs. After treatment, the cells were harvested by 
scrapping, washed twice with RPMI-10% FCS, and assessed 
for the amount of U-TAA. A competitive ELJSA utilizing 
allogeneic antibody and purified U-TAA was used. The 
allogeneic antibody, before and after absorption with the 
varying number of melanoma cells which had been grown in 
the presence and absence of interferon, was reacted with the 
purified U-TAA. Purified U-TAA (0.06 ug/ml) was used as 
the standard blocker to generate the standard inhibition 
curve in the ELISA. 

The expression of U-TAA by UCLA-SO-M10 and 
UCLA-SO-M101 cell lines was increased by growing the 
cells in the presence of either gamma interferon or alpha 
interferon. The expression of U-TAA by UCLA-S0-M24, 
however, was not affected by treatment with either inter- 
feron (FIG. 10). As a control, the expression of HLA-DR 
antigen was determined by reacting the cells with l25 I- 
labeled monoclonal antibody (ariti-HLA-DR) in a suspen- 
sion assay. Binding of radiolabeled antibody by cells of all 
three cultures grown in the presence of the interferons was 
significantly higher (2 to 3 times) than those grown in its 
absence. 
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EXAMPLE XXXI 
U-TAA is a Cell Surface Antigen: Randomly selected sera 
from MCV patients who had demonstrated high anti-U-TAA 
antibody titers in FT ISA were tested by immunofluores- 
cence for antibodies capable of binding to the surface of 
cultured melanoma cells. Sera demonstrating strong mem- 
brane fluorescence were tested further by using the indirect 
membrane immunofluorescence method to determine if 
U-TAA on the cell surface was responsible for part of this 
reactivity. Serum samples were serially diluted and incu- 
bated for*30 minutes at 37° C. and 30 minutes at 4° C with 
equal volume (50 ul) of PBS alone (negative control) or PBS 
with 1 ug of U-TAA. Cultured UCLA-SO-M 24 melanoma 
cells were harvested by treatment with versene (0.05 mM 
sodium EDTA, 0.014M NaCi, 0.5 mM M KC1 and 0.55 mM 
dextrose) and 0.25% trypsin. The harvested cells were 
washed 3 times with Hank's balanced salt solution (HBSS), 
containing 0.01% human serum albumin and resuspended in 
HBSS-albumin at a concentration of SxlO 4 cells/ml. Fifty 
microliters of the cell suspension were mixed with 50 ul of 
melanoma serum at various dilutions and incubated at 37° C. 
for one hour and at 4° C. for one hour. The cells were washed 
3 times with HBSS-albumin and reacted with 50 ul of 



fluorescein-conjugated goat anti-human immunoglobulin at 
23° C. for 20 minutes. After washing, the cells were resus- 
pended in 25 ul of 50% glycerol in 0.025M PBS. placed on 
glass slides and examined for membrane immunofluores- 
5 cence under a fluorescent microscope. The presence of 3 or 
more fluorescent dots on the cell membrane was considered 
positive for antibody. Diffuse or cytoplasmic fluorescence 
was not regarded as positive. The percentage of positive 
cells was calculated following a 50 cell count. 
10 Sera with high anti-U-TAA antibody titers when tested in 
indirect membrane immunofluorescence showed binding of 
antibody to UCLA-SO-M 24 cultured melanoma cells. One 
serum was selected for inhibition studies with U-TAA as 
described above. This serum showed binding to 50-60% of 
15 melanoma cells even when diluted at 1:16. Preincubation of 
this serum with 1 ug of purified U-TAA resulted in a 93% 
reduction in the number of cells exhibiting immunofluores- 
cence at the 1:16 serum dilution (FIG. 11). The ability of 
U-TAA to inhibit the binding of high titer anti-U-TAA 
20 antibody in the indirect membrane immunofluorescence 
assay convincingly demonstrated the expression of U-TAA 
on the surface cell membrane of tumor cells. 

EXAMPLE XXXH 
25 In vitro Production of Human Antibodies to U-TAA: The 
Ficol-hypaque centrifugation method was used to obtain 
peripheral blood lymphocytes (PBL) from 30 ml of hep- 
ranized blood of cancer patients. The blood donors, who 
were participants in the MCV trial, were selected on the 
30 basis of their higji levels of anti-U-TAA antibody. By 
application of the erythrocyte rosetting technique (Bakacs et 
aL, Cellular Immunology (1977) incorporated by reference 
herein), T-cells were removed from the isolated PBL, which 
were thereby enriched for B-cells (antibody producing 
35 cells). The enriched B-cells were transformed by infecting 
them with Epstein Barr virus (EBV). For this purpose, 
enriched B-cells were suspended at a density of lOxlO^cells 
per ml in RPMI 1640-10% FCS containing 50% supernate 
of the EBV producing marmaset cell line, B95-8. After 
40 overnight incubation at 37° C, the cells were washed and 
resuspended in the RPMI-FCS medium. Supernates from 
these cultures were collected at weekly intervals and tested 
for the presence of anti-U-TAA activity in the direct ELISA, 
using purified U-TAA as the target antigen (Example I). 
as Seventeen of 35 cultures produced antibodies to U-TAA, 
although many cultures stopped producing the antibodies 
within three months. Cells from two cultures that continued 
to produce the antibodies for more than six months (FIG. 12) 
were cryopreserved at regular intervals. 
50 To document that the immunoreactive components rec- 
ognized by the antibodies in the supernates were expressed^ 
by tumor cells, a ten fold concentrated supernate of these 
cultures was used as the source of in vivo produced antibody 
to U-TAA. Melanoma cells (UCLA-SO-M 14) were cultured 
55 for five days in RPMI supplemented with 14 C-L-leucine (50 
uCi/ml). The cells were harvested, washed 3 times with 
complete RPMI-FCS medium, and extracted with 0.5% 
(V/V) NP-40 (Nonadet P-40) to obtain biosynthetically 
labeled antigen. The cell free extract was treated with 
60 immobilized wheat germ agglutinin (WGA). The bound 
material was eluted with chitotriase and was chromato- 
graphed through a Sephacryl S-200 column (0.5x10 cm), 
using 0.025M phosphate buffered saline as the eluent 1\vo 
hundred microliter fractions were collected The elution 
65 profile was monitored by subjecting 10 ul aliquots to scin- 
tillation counting (FIG. 13). Fractions under each peak of 
radioactivity were pooled and reacted with 100 ul of 
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lOxconcentrated human lumphoblastoid culture supernate rated by reference herein). The antigens shed into circulation 

(in vitro produced antibody source). The radioactivity bound combine with humoral antibodies and result in the formation 

to the antibody was sedimented with 200 ul of 50% suspen- of circulating immune complexes. Thus, numerous efforts 

sion of rabbit anti-human Ig immunobeads (Biorad have been made by various investigators with some success 

Laboratories, Richmond Calif.). As illustrated in FIG. 13. 5 to utilize immune complexes as a marker for immunodiag- 

about 65% radioactivity of pool of fractions 39 to 45 bound nosis and immunoprognosis of human cancer. However, the 

to the human antibodies that were present in the lympho- antigenic nature of the complexes was unknown and corre- 

blastoid culture supernate. lations with the clinical course of the disease in cancer 

Although we have not yet succeeded in developing clones patients have not been unequivocal. This is mainly because 

from a single cell, we have succeeded in generating sub- 10 of the use of antigen-nonspecific immune complex detection 

clones from lymphoblastoid ceil lines (LCL 1 and LCL 2) by assays. 

culturing them in soft agar (1%) using thymocytes as the Witn the availability of murine monoclonal antibody, 
feeder layers. Theoretically, colonies that develop in the soft AD 1-40F4. that recognizes 90-100 kD subunit produced by 
agar are from single cells. However, this is not always true, human tumor cells, we have developed an antigen-specific 
because two or more cells often adhere to one another. Thus, 15 immune complex detection assay. The assay, as illustrated in 
monoclonality of such colonies can not be guaranteed. FI< ^* ^ utilizes immobilization of the murine monoclonal 
Analysis of two subclones (LCL 2.6 and LCL2.11) of LCL2 antibody, AD1-4GF4, to a solid matrix. The solid matrix 
culture revealed that they produce anti-U-TAA and anti-FA couid * for example, be polyvinyl or polystyrene microtiter 
IgM antibodies. plates or tubes or beads. Teflon discs, glass beads, or any 
The specificity of the immunoreactivity of culture super- 20 other suitable material in any suitable physical form, e.g. 
nates of subclones LCL 2.6 and 2.11 was confirmed by glass . fiber discs * ^ inunobilization could for example, be 
blocking with purified FA and U-TAA and then reacting physical adsorption or covalent attachment by means of 
against the two target antigens in KITS a The doubling chemical reaction using homo- or hetero-bifunctional or 
dilution method was used to dilute serially the culture multifunctional coupling agents. The immobilized mono- 
supernates. One aliquot (100 ul) of each dilution was mixed 25 clonal ^h^y is reacted with serum sample or other body 
with 0.025M phosphate buffer supplemented with 0.15M fluid suspected of being comprised of U-TAA (antigen)-anti- 
NaCl and 0.5% Tween-20 as an unblocked control; a second U-TAA (antibody) complexes, or purified immune com- 
aliquot was blocked with an equal volume (100 ul) of FA P lexes from serum or other body fluid. After washing the 
(0.05 mg/ml); and a third aliquot was reacted with U-TAA solid ^t^ me presence of human immunoglobulin on its 
(0.06 mg/ml). The mixtures were incubated at 37° C. for one 30 surface is realized by enzyme or biotin labeled antibody to 
hour. Anu-U-TAAand anti-FA antibody levels in each of the human immunoglobulins, general or specific for each 
mixtures to U-TAA and FA were determined by ELISA. isot ype, e.g. IgG, IgM, IgA, etc. Since the murine mono- 
Data presented in FIGS. 14 and 15 show that the reactivity clonal ^tibody immobilized to the solid matrix does not 
of culture supernates of subclone LCL 2.6 to U-TAA was react wi . m an y of ^ serum components, the presence of 
blocked by U-TAA and not by FA. Also, its reactivity to FA 35 human immunoglobulins on the solid matrix is due to 
was blocked by FA and not by U-TAA. Similar results were capture of the antigen that has already reacted with the 
observed when culture supernates of another subclone, LCL Pint's antibody in vivo. Upon exposure of the conjugate 
2.11, were used as the source antibody. These results clearly reacted solid matrix to appropriate substrate, a color devel- 
show that, while the subclones LCL 2.6 and LCL 2.11 are °P me nt indicates the presence of the antigen (U-TAA) 
not monoclonal at this point and time, they are producing 40 s P ecific irnmune complexes in a test sample. 
anti-U-TAA(IgM) antibody. Subsequent subcloning of these . We have developed the above technique in polystyrene 
subclones should produce clones that are monoclonal in microtiter plates (Immulon I, Dynatech Laboratories, 
nature. Chantilly, Va.). Murine monoclonal antibody, ADMOF4, 
pyaa/tpt p yyyttt WaS attached to the wells (100 ul at 1:300 dilution per well).' 
tiAAMrui AAAJJi 45 Test sera (100 ul at 1:20 dilution) were added to the murine 
Detection of U-TAA that is Present in the Form of antibody sensitized wells and incubated at 37° C. for 1 0 hr 
Immune Complexes in Sera of Cancer Patients: Because After washing, the presence of human IgG (present in the 
U-TAA is immunogenic in cancer patients, it elicits immune form of immune complexes) in the test wells was deter- 
response. Thus, antibodies to U-TAA circulate in the blood mined by alkaline phosphatase conjugated goat anti-human 
of cancer patients, especially when the tumor burden is 50 IgG and p-nitrophenyl phosphate as the substrate. The 
minimal. These antibodies may react with U-TAA on tumor results were expressed as optical density (OD) at 405 nm.\ 
cell surface. We have documented the presence of antibodies Sera from 24 melanoma patients had a mean±SE OD^ of 
on tumor cell surfaces and determined that they react with 0.456+0.114. This value is significantly greater than the 
ttimor antigens specifically (Gupta, R. K. and Morton, D. L. mean±SE of 0.1+0.025 for sera of 32 apparently healthy 
Contemporary Topics in Immunobiology 15:1053 (1984) 55 normal controls (p<0.001). Using a value of greater than the 
mcorporated by reference herein). The tumor bound anti- mean plus 2 standard deviations (0392 OD^) of normal 
bodies can be considered evidence for their immunologic controls as an indication for the presence of U-TAA specific 
interaction in vivo with corresponding antigens. The immune complexes, 37.5% (9/24) of the sera from mela- 
antigen-antibody (immune) complexes formed on the cell noma patients was positive in contrast to only 6% (2/32) 
surface may be internalized by the cell or released into 60 from normal controls (P<0.01). 

surroundings by the process of antigen modulation, capping. Analysis of sequentially collected serum samples during 

niS^S 8 ^Tk S ' P V L * Ct Ca ^ CS * 39:21 u, 5 ch ^ c ^ co ^eof9meknomapatientsinaprosr2ctivestudy 

(1979) incorporated by reference herein). Other possible revealed that this U-TAA-specific immune complex detec- 

mechamsms for release of tumor antigens into circulation tion assay could be used to identify patients with subclinical 

include cell death, surface bleeding, sublethal autolysis, and 65 disease several months before their recurrence became clini- 

secretion from cells (Price, M. R. and Robins, R. W.. cally obvious. FIG. 17 illustrates this fact using data from 

Immunological Aspects of Cancer, pp. 155 (1978) incorpo- two representative patients. Positive levels of U-TAA- 
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specific immune complexes were detected 4 to 24 weeks 
(mean =14.1 weeks) before clinically detectable recurrence. 
Thus, this offers a useful means of identifying microscopic, 
subclinical disease by monitoring the presence of U-TAA- 
specific immune complexes in sera of surgically treated 5 
cancer patients. 
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EXAMPLE XXXIV 

Preparation of Human Anti-idiotypic Antibodies: Large 
quantities of an antigen are needed for therapeutic applica- 
tion. The amounts obtained from cultured tumor cell extracts 10 
or from the urine of cancer patients are only enough to use 
in in vitro serologic and immunochemical assays. To provide 
an adequate supply of antigen, two approaches are available: 
1) clone the gene responsible for production of U-TAA 
through molecular biology techniques; 2) identify EBV- 15 
transformed lymphoblastoid cells from cancer patients or 
human-human hybridoma of these cells that secrete anti- 
idiotypic antibody (internal mirror image of anti-U-TAA 
antibody) of anti-U-TAA. These approaches can be used 
successfully by those skilled in the methodology. The sec- 20 
ond approach is preferable at this time because we already 
had EBV-transformed lymphoblastoid cells and human- 
human hybridomas from lymphocytes of cancer patients. 

Many of these lymphoblastoid cell lines secrete iramu- 25 
noglobulins but do not react with U-TAA. It is possible that 
some of these immunoglobulins may be anti-idiotypes of 
U-TAA. We have identified lymphoblastoid subclones that 
produce anti-U-TAA of IgM isotypes (Example XXXH). 
Once large quantities of these antibodies are obtained in ^ 
purified form, they can be conjugated to enzymes or other 
suitable radionucloids and used for their ability to react with 
supernates of lymphoblastoid clones that do not react with 
U-TAA to identify clones with possible anti-idiotype reac- 
tivity. Production of anti-idiotypic antibodies to U-TAA by 35 
the positive clones can be confirmed by the blocking of 
anti-U-TAA with U-TAA before reacting with the suspected 
anti-idiotypic antibody producing clone supernates. To rule 
out the detection of anti-idiotypes other than internal mirror 
image of U-TAA, the labeled antibody will contain purified ^ 
human normal serum immunoglobulin (2% V/V). The anti- 
idiotypes identified in this manner have a vast application 
for active specific immunotherapy and for chemical analysis 
of antigenic epitopes of U-TAA, e.g. amino acid sequence, 
nucleotide sequence, etc. 45 

What is claimed is: 

1. A method of detecting a cancer in a subject having a 
naturally occurring immune complex of Urinary Tumor 
Associated Antigen (UTAA) and a first anti-UTAA antibody 
comprising 5Q 

(i) contacting a sample from said subject with a second 
anti-UTAA antibody; and 

(ii) detecting said complexes bound to said second anti- 
UTAA antibody with an antibody reactive with said 
first anti-UTAA antibody, 55 

wherein said first and said second anti-UTAA antibodies 
recognized different epitopes on UTAA. 

2. The method of claim 1, wherein the cancer is subclini- 
cal 

3. The method of. claim 1, wherein the sample is blood or 60 
urine. 

4. A method for monitoring a malignancy in a subject 
having a naturally occurring immune complex of Urinary 
Tumor Associated Antigen (UTAA) and a first anti-UTAA 
antibody comprising 65 

(i) contacting a sample from said subject with a second 
anti-UTAA antibody; 



(ii) detecting said complexes bound to said second anti- 
UTAA antibody with an antibody reactive with said 
first anti-UTAA antibody, wherein said first and said 
second anti-UTAA antibodies recognize different 
epitopes on UTAA; 

(iii) determining the amount of UTAA per a given unit of 
body fluid; and 

(iv) comparing the amount with an amount previously 
determined for an equivalent sample, 

wherein the variation in UTAA amount indicates a variation 
in the state of the malignancy. 

5. The method of claim 4, wherein the sample is blood or 
urine. 

6. A method of detecting Urinary Tumor Associated 
Antigen in a sample comprising: 

(1) contacting the sample with a first reagent which binds 
to a first epitope on Urinary 1\imor Associated Antigen; 

(2) contacting the sample with a second reagent which 
binds to a second epitope on Urinary Tumor Associated 
Antigen; and 

(3) detecting the presence of the first or second bound 
reagent, thereby detecting the presence of Urinary 
Tumor Associated Antigen. 

7. The method of claim 6, wherein both of the reagents are 
antibodies. 

8. The method of claim 7, wherein said at least one of said 
first and second antibodies is a murine antibody. 

9. The method of claim 7, wherein said second reagent is 
labeled. 

10. The method of claim 7, wherein the antibodies are 
polyclonal and isolated from a baboon. 

11. The method of claim 6, wherein either the first or 
second reagent is bound to the solid support prior to binding 
to an epitope on UTAA. 

12. The method of claim 6, wherein said sample is a 
biopsy sample. 

13. A method of detecting Urinary Tumor Associated 
Antigen (UTAA) in a sample comprising: 

(1) contacting the sample with a first reagent which binds 
to an epitope on UTAA selected from the group con- 
sisting of the epitope on the 45, 65, 90-100 and 120 kD 
subunit as identified after reduction by 
P-mercaptoethanol and separation by SDS- 
polyacrylamide gel electrophoresis; 

(2) contacting the sample with a second reagent which 
binds to a second epitope on UTAA selected from the 
group consisting of the epitope on the 45, 65, 90-100 
and 120 kD subunit as identified after reduction by 
p-mercaptoethanol and separation by SDS- 
polyacrylamide gel electrophoresis; and \ 

(3) detecting said second reagent bound to said sample. 

14. The method of claim 13, wherein said first reagent is 
bound to a solid support prior to binding an epitope on 
UTAA. 

15. The method of claim 13, wherein the sample is a 
biopsy sample. 

16. A method for detecting a naturally-occurring immune 
complex of a urinary tumor associated antigen (UTAA) and 
a first anti-UTAA antibody in a sample comprising the steps 
of: 

(i) contacting said sample with a second anti-UTAA 
antibody; and 

(ii) detecting said complexes bound to said second anti- 
UTAA antibody with an antibody reactive with said 
first anti-UTAA antibody, wherein said first and said 



5.7i 

33 

second anti-UTAA antibodies recognize different 
epitopes on UTAA. 

17. A method according to claim 16. further comprising a 
step, before step (i). of providing a surface on which said 
second anti-UTAA antibody is immobilized. 

18. The method of claim 17, wherein said first anti-UTAA 
antibody is a human antibody. 

19. The method of claim 18, wherein said second anti- 
UTAA antibody is a murine antibody. 

20. The method of claim 19, wherein said detecting 
comprises the steps of: 

(a) contacting said surface with an anti-human Ig anti- 
body; and 
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(b) detecting anti-human Ig antibody bound to said sur- 
face. 

21. The method of claim 20. wherein said anti-human Ig 
is specific for a particular isotype. 

22. The method of claim 21, wherein said anti-human Ig 
antibody is labeled with a detectable marker. 

23. The method of claim 16, wherein the second anti- 
UTAA antibody is a polyclonal baboon antibody. 

10 24. The method of claim 16. wherein the sample is blood 
or urine. 

***** 



